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Descripfinn 

Methods and Compositions for Treating Inflammatorv- Diseases 
Utilizinp Inhihitor?; nf T umor Necrn^h Factor A^n^l^' 

Technical Field 

The present invention relates to the prophylaxis and treatment of inflammatory 
diseases and, more particularly, to compounds that act as specific inhibitors of 
TNF-dependent NF-kB activation signaled by certain members of the TNF receptor 
superfamily, such as TNF-Rl, methods and means for making such inhibitors and their 
use as pharmaceuticals. 

Backyrnn nd of the Tnvention 

Tumor necrosis factors (TNFs), formerly known as lymphotoxins, are cytokines 
produced mainly by activated macrophages. TNFs originally were identified by their 
ability to target mmor cells in vitro and in vivo for growth inhibition and cytolysis. 
Much of the interest attending the discoveries of these uses was based on their 
differential cytotoxicity. While TNFs will directly lyse many types of mmor cells, they 
have generally been considered to be relatively innocuous for normal untransformed, 
non- vitally infected, non-cancerous cells. It has long been know that there are two 
distinct forms of TNF, mmor necrosis factor-alpha (TNF-a) and mmor necrosis factor- 
beta (TNF-P). These factors share amino acid sequence identity of 30% and show 
similarities in many of their biologic functions. 

TNFs are now known to elicit a wide range of biological effects, including 
playing an important role in endotoxic shock and in inflammatory, immunoregulatory, 
cardiovascular, proliferative, cytotoxic, and anti-viral activities .(reviewed by Goeddel 
et al. , CSH Symposia on Quantitative Biology 51:597-609 (1986)). TNF-a has been 
said to have a central role in the immune response (Gamble et al. , Proc. Natl. Acad. 
Sci. USA 82:8667 (1985)), but the precise namre of that role remains clouded. It is 
known that TNF-a plays a multiple role as a mediator of inflammation and the immune 
response. The level of TNF-a is elevated in pathophysiological conditions, including 
sepsis syndrome, bacterial meningitis, CHF, cerebral malaria, AIDS, IBD, and RA 
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(Eigler et aL, Immunol Today 18:487-492 (1997)). Successful use of anti-TNF 
antibody therapy has recently been reported for patients with rheumatoid arthritis and 
Crohn^s disease (Stack et al. Lancet 349:521-524 (1997)). 

Human TNF-a is synthesized as a precursor polypeptide consisting of 233 
5 amino acids and is processed post-translationaliy to the secretory mature form 

consisting of the precursor's C-terminal 155 amino acids (Yamada et al., BiotechnoL 
3:141-153 (1985)). The three-dimensional structure and functional features of TNF-a 
and TNF-P have been well characterized by a combination of x-ray crystallography and 
site directed mutagenesis smdies (Zhang et aL, J. Biol. Chem, 267:24069-24075 

10 (1992); Van Ostade et aL, Protein Eng. 7:5-22 (1994); Banner et aL, Cell 73:431-445 
(1993)). Although TNF-a and TNF-p only share 32% identity in primary sequence, 
the crystal structures of both TNFs reveals that each monomer consists of two anti- 
parallel p-pleated sheets with a jelly roll topology and that monomers interact with each 
other in a head-to-tail fashion to form a homotrimeric structure (Eck et aL , 7. BioL 

15 Chem. 267:2119-2122 (1992)). In addition, both TNF-a and TNF-p bind to TNF 
receptors with similar affinities, suggesting that TNF-a and TNF-P bind to the same 
site on the TNF receptor. 

The induction of the various cellular responses mediated by TNF is initiated by 
its interaction with two distinct cell surface receptors, an approximately 55 kDa 

20 receptor termed TNF-Rl and an approximately 75 kDa receptor termed TNF-R2. 

Human and mouse cDNAs corresponding to both receptor types have been isolated and 
characterized (Loetscher et aL, Cell 61:351 (1990); Schall et aL, Cell 61:361 (1990); 
Smith et aL, Science 248:1019 (1990); Lewis et aL, Proc, NatL Acad. ScL USA 
88:2830-2834 (1991); Goodwin et al, MoL CelL BioL 11:3020-3026 (1991)). Both 

25 TNF-Rs share the typical structure of cell surface receptors including extracellular, 
transmembrane and intracellular regions. The extracellular portions of both receptors 
are found namrally also as soluble TNF-binding proteins (Nophar et aL , EMBO J, 
9:3269 (1990) and Kohno et aL, Proa. NatL Acad, ScL USA 87:8331 (1990)). The 
amino acid sequence of human TNF-Rl and the underlying nucleotide sequence are 
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disclosed in EP 417,563, whereas EP 418,014 discloses the amino acid and nucleotide 
sequences of human TNF-R2. 

Both TNF receptors are independently active in signaling TNF responses. 
Direct signaling by TNF-R2 has been observed in lymphoid cells in which TNF-R2 
5 stimulates the proliferation of thymocytes and a murine cytotoxic T cell line CT6 

(Tartaglia et al, Proc. Natl. Acad. ScL USA 88:9292-9296 (1991); Tartaglia et aL, J. 
Immunol 151:4637-4641 (1993)). Both TNF-Rl and TNF-R2 along with other 
members of the TNF receptor superfamily, e.g. CD40, have been shown to 
independently mediate the activation of the transcription factor NF-kB (Lenardo & 
10 Baltimore, Cell 58:227-229 (1989); Legreid et a/., /. BioL Chem. 269:7785-7791 
(1994); Rothe et aZ., Cell 78:681-692 (1994); Wiegmann et aL, J. BioL Chem, 
267:17997-18001 (1992)). NF-kB is a member of the Rel family of transcriptional 
activators that control the expression of a variety of important cellular and viral genes 
(Lenardo & Baltimore, supra, and Thanos and Maniatis, Cell 80:529-532 (1995)). 
15 TNF-R2 also mediates the transcriptional induction of the granulocyte-macrophage 
colony stimulating factor (GM-CSF) gene (Miyatake et aL, EMBO J. 4:2561-2568 
(1985); Stanley et aL, EMBO J, 4:2569-2573 (1985)) and the A20 zinc finger protein 
gene (Opipari et aL, J. BioL Chem. 265:14705-14708 (1990)) in CT6 cells, and 
participates as an accessory component to TNF-Rl in the signaling of responses 
20 primarily mediated by TNF-Rl, like cytotoxicity (Tartaglia and Goeddel, ImmunoL 
Today 13:151-153 (1992)). 

The effects of TNF-a are transmitted via membrane bound TNF receptors 
TNF-Rl (p55) and TNF-R2 (p75) (Banner, et aL, supra (1993)). While the TNF-a 
and TNF-Rl complex signals a large number of TNF activities, such as cytotoxicity, 
25 manganese superoxide dismutase induction, fibroblast proliferation, and NF-kB 

induction, the TNF-a and TNF-R2 complex is involved in the proliferation of primary 
thymocytes and T cells (Schalaby et aL, 7. Exp. Med. 172:1517-1520 (1990); Tartaglia 
et aL, Proc. NatL Acad. Sci USA 88:9292-9296 (1991)). Recently, by increasing iKBa 
level using adenoviral transfer, the nature inhibitor of NF-kB, Foxwell, et aL, showed 
30 that the spontaneous production of TNF-a from human rheumatoid joint cell culmres 
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was inhibited by 75% (Foxwell, et aL, Proc. Natl Acad, Sci USA 95:8211-8215 
(1998)). This indicated that activation of NF-kB is an essential step for TNF-a 
synthesis in synovial macrophages and demonstrated that design of a potent and long 
acting TNF-Rl antagonists to block NF-kB pathway should be sufficient and effective 

5 for the treatment of inflammatory diseases, such as rheumatoid arthritis (RA) and 
inflammatory bowel disease (IBD). Other quandaries exist in the arthritis field. For 
example, research has been directed at drugs that block interleukin- 1 , presumably in 
order to suppress immune function, while other workers have suggested administering 
inter leukin-2, despite its immunopotentiating action, because of indications that arthritis 

10 patients are deficient in inter leukin-2. 

In summary, a variety of tentative and hypothetical postulates exist for the 
mechanisms underlying various immune-mediated inflammatory responses. Many of 
the postulates are mutually inconsistent and most are based on observations which 
cannot distinguish cause from epiphenomenology. 

15 Accordingly, it is an object herein to provide compositions that are capable of 

precisely targeting acute immune inflammatory responses without producing significant 
undesirable side effects. 

This and other objects will be apparent from consideration of the specification as 
a whole. 
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Disclo.sure of th e Invention 

The present invention provides methods, compounds and compositions for 
treating inflammatory diseases by inhibiting mmor necrosis factor activity. In one 
aspect, the invention provides a compound of the formula: 



R2 

R1 



W3W; ^vC>9 



10 ^3 



wherein 

W1W2W3W4W5 is an alicyclic, heterocyclic, or heteroaromatic ring, with the 
provisos that the ring is not fused with any other ring, and the ring is not a pyrrazole, 

15 dihydropyrrazole, or tetrahydropyrrazole derivative; the ring containing W7, W8 and 
W9 is alicyclic, heterocyclic, aromatic or heteroaromatic; and the 
W10W11W12W13W14 ring is alicyclic, heterocyclic, or heteroaromatic. In such 
compounds, the bonds between any two adjacent W atoms can be either single, double 
or aromatic bonds (valence permitting); W6 is not part of a ring; the W9-W10 bond is 

20 not part of a ring; W2, W7, W9, and WIO are each independently either N, C, or C 
with one substituent group (valence permitting); Wl, W4, W5, and Wll are each 
independently either SOx (where x is 1 or 2), N, C, or C with one substituent group 
(valence permitting); and W3, W6, W8, W12, W13, and W14 are each independently 
either O, S, SO, SO2, N, C, C with one substituent group (either single or double 

25 bonded), N one substituent group (single bonded), or PO(OR). 

An additional aspect of the invention provides a related group of compounds 
which have proven particularly beneficial for treating inflammatory diseases by 
inhibiting mmor necrosis factor activity. Such group comprises compounds of the 
formula: 



30 
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H 



10 



[O.S] w,-^ 

W3 

wherein 

W1W2W3W4W5 is an aliphatic, heterocyclic, or heteroaromatic ring, with the 
provisos that: 

If Wl is CW6R2 or NW7R3, where W6 is CR4R5, CR6, O, S, NR7, 
SO, SO2, CO, C = NOR8, or C = NNR9R10, and W7 is CR4R5, CR6, O, NR7, 
SO, SO2, CO, C = NOR8, or C = NNR9R10, then Wl is- not at a ring 
bridgehead, and 

If R2 and R3 are independently any alicyclic, heterocyclic, aromatic, or 
heteroaromatic ring structure, then 

W2 is O, S, NRll, CR12R13, CRM, SO, or SO^, (valence 
15 permitting), 

W3 is O, S, NR15, CR16R17, CR18, SO, or SO^, (valence 
permitting), 

W4 is O, S, NR19, CR20R21, CR22, SO, or SO^, (valence 
permitting), 

20 W5 is N, C, or CR36 (valence permitting) 

If W2 is CR23 or NR24 where R23 or R24 is a five membered ring 
(alicyclic, heterocyclic, or heteroaromatic), then 

Wl is O, S, NR25, CR26R27, CR28, SO, or SO^, (valence 
permitting), 

25 W3 is O, S, NR29, CR30R31, CR32, SO, or SO^, (valence 

permitting) , 

W4 is O, S, NR33, CR34R35, CR36, SO, or SO^, (valence 
permitting), 

W5 is N, C, or CR37 (valence permitting), 
30 If the ring W1W2W3W4W5 is neither 3-oxotetrahydrothiophene nor 
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furan, or if the ring W1W2W3W4W5 is furan and Rl is not any of the groups 
in Exhibit A, then 

W2 can be CR23 or NR24 where R23 or R24 is a six membered 
ring (alicyclic, heterocyclic, aromatic or heteroaromatic); 

in addition, 

Wl is O, S, NR25, CR26R27, CR28, SO, or SO^, (valence 
permitting), 

W3 is O, S, NR29, CR30R31, CR32, SO, or SO^, (valence 
permitting), 

W4 is O, S, NR33, CR34R35, CR36, SO, or SO^, (valence 
permitting), 

W5 is N, C, or CR37 (valence permitting), 
Rl is independently H, heterocyclic, aromatic, heteroaromatic, small alkyl or 
cycloalkyl, optionally substimted with OH, O-alkyl, S-alkyl, hydroxy alkyl, CONH2, 
CONH-alkyl, OCF3, CON-dialkyl, halo, CF3, sulfonamide, phosphonamide, 
phosphonate ester, SO-alkyl, S02-alkyl, O-aryl, S-aryl, SO-aryl, SOj-aryl, COO-alkyl, 
CONH-aryl, acyloxy, acylamino, alkylsulfonylamino, or arylsulfonylamino; 

R3, R7 through Rll, R15, R19, R24, R25, R29, R33 are each independently, 
H, heterocyclic, aromatic, heteroaromatic, small alkyl or cycloalkyl, optionally 
substimted with OH, O-alkyl, S-alkyl, CONH., CONH-alkyl, CON-dialkyl, F, CF3, 
OCF3, sulfonamide, phosphonamide, or phosphonate ester; and 

R2, R4 through R6, R12 through R14, R16 through R18, R20 through R23, 
R26 through R28, R30 through R32, and R34 through R37 are each independently H, 
halogen, OH, NHj, or O-alkyl, OCF3, O-cycloalkyl, heterocyclic, aromatic, 
heteroaromatic, small alkyl or cycloalkyl, optionally substimted with OH, O-alkyl, 
S-alkyI, SO-alkyl, SO.-alkyl, CONH^, CONH-alkyl, CON-dialkyl, F, CF3, 
sulfonamide, phosphonamide, phosphonate ester. 
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A further aspect of the invention provides a method for treating inflanoinatory 
diseases by inhibiting tumor necrosis factor activity comprising administering a 
compound of the formula: 



w-w 

We 



10 

wherein W1W2W3W4W5 is an alicyclic, heterocyclic or heteroaromatic ring, wherein 
Wl is O, S, NR2, CHR9, CRIO, or P=0(OR43) (valence permitting); W2 is C or N 
(valence permitting); W3 is C=0, C=S, C-X, CRll, NR12, SO, SOj, P=0(OR44) 
(valence permitting); W4 is CR4, NR13, C=S, CO, SO, S, SO2, P=0(OR45) (valence 
15 permitting); W5 is C = 0, C = S, C-X, CR3, NR5, SO, SO^, P = 0(OR46) (valence 
permitting); and W6 is CR47, O, S, SO, SOj, NR6, CR7R8, P=0(OR48) (valence 
permitting), or a group of the formula: 

w,-=^ =-w,_ wfe=w, ^^^x ^ 
20 \ ' 

-W10 VJ^^^ 

where all double bond stereochemistry can independently be either Z or E, and where 
the bonds from W2 to W6 and from W6 to Rl can be, independently, either single or 

25 double (valence permitting). In such compounds, W7 is CR14R15, CO, C = NOR25 or 
C = NNR26R27; W8 is CR16; W9 is CR17; WIO is N or CR18; Wll is CH, N, CCH3. 
CF, CCH2CH3, or CCl; W12 is O, S, NR19 or CR20R21; W13 is CR22R23, O. S, 
NR24, SO,, SO, CO, C = NOR28, or C=NNR29R30; W14 is CR31R32, O, S, NR33, 
SO2. SO, CO, C = NOR34, or C = NNR35R36; W15 is CR37R38, O, S, NR39, SO^. 

30 SO, CO, C=NOR40, or C = NNR41R42; where Rl is any 5- or 6- membered alicyclic. 
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heterocyclic, aromatic, or heteroaromatic ring, optionally substituted with alkyl, 
cycloalkyl, branched alkyl, halogen, trifluoroalkyl, alkoxy, aryloxy or benzoyloxy 
(optionally substituted with nitro, alkyl, branched alkyl or alkoxy), amide, ester, 
trifluoromethyl, nitro, NR7R8 (where R7 is hydrogen, alkyl, substituted alkyl, aryl, 
5 heteroaryl, alkyl, cycloalkyl, heterocylic, alicyclic and R8 is acyl, alkoxyacyl, 

carbamoyl, N-alkylcarbamoyl, alkoxy carbonyl, hydrogen, alkyl, substituted alkyl, aryl, 
heteroaryl, alkyl, cycloalkyl, heterocylic, alicyclic), preferably substituted with a 5- or 
6-membered ring attached directly or through O, NH, CHj, S, NCHO, NCH3, CO, 
CHOH, CHCH3, or C = CH2; R2, R5, R6, R12, R13, R19, R24 through R30, R33 

10 through R36, R39 through R46, R48 are each independently, H, heterocyclic, 

aromatic, heteroaromatic, allyl, alkenyl alkyl, alkenyl, small alkyl or cycloalkyl, 
optionally substituted with OH, O-alkyl, S-alkyl, CONH^. CONH-alkyl, CON-dialkyl, 
NHCO-alkyl, NHCO-aryl, NHCO-heteroaryl, F, CF3, sulfonamide, phosphonamide, 
phosphonate ester; and R3, R4, R7 through Rll, R14 through RIB, R20 through R23, 

15 R31, R32, R37, R38, R47 are each independently H, halogen, OH, NH2, or O-alkyl, 

O-cycloalkyl, heterocyclic, aromatic, heteroaromatic, small alkyl or cycloalkyl, 
optionally substituted with OH, O-alkyl, S-alkyl, SO-alkyl, SOj-alkyI, CONH2, 
COhlH-alkyl, CON-dialkyl, F, CF3, OCF3, sulfonamide, phosphonamide, or 
phosphonate ester; together with a pharmaceutically acceptable carrier to a patient in 

20 need of such treatment. 

Such compounds and compositions will be found suitable for use as specific 
inhibitors of TNF-dependent NF-kB activation signaled by certain members of the TNF 
receptor superfamily for the prophylaxis and treatment of inflammatory diseases. 



25 



Brief Des cription of the Drawing 

Figure 1 graphically depicts structures of a selected group of compounds 
according to the present invention. 
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Detailed Description of the Invention 

The present invention provides methods, compounds and compositions for 
treating inflammatory diseases by inhibiting mmor necrosis factor activity. 

In the disclosure which follows, the term TNF shall include both mmor necrosis 
5 factor-a (TNF-a) and mmor necrosis factor-P (TNF-P), from animals or humans, 

together with namrally occurring alleles thereof. TNF-a is described by Pennica et aL , 
Nature 312:721 (1984), TNF-p is described by Gray et aL, Nature 312:724 (1984). 

The novel compositions for use herein are TNF receptor antagonists. These 
substances function by competing with native TNF for the cell surface receptor to 
10 which TNF binds and blocks the inflammatory events (hereinafter termed competitive 
antagonists). TNF receptor antagonists are useful, either alone or together with other 
therapeutic compositions, in the treatment of inflammatory responses. 

Thus, in one aspect, the invention provides a compound of the formula: 



15 R2 

^ .R3 



R1 ^w^vr^^^ 



13 



20 

wherein 

W1W2W3W4W5 is an alicyclic, heterocyclic, or heteroaromatic ring, with the 
provisos that the ring is not fused with any other ring, and the ring is not a pyrrazole, 
dihydropyrrazole, or tetrahydropyrrazole derivative; the ring containing W7, W8 and 

25 W9 is alicyclic, heterocyclic, aromatic or heteroaromatic; and the 

W10W11W12W13W14 ring is alicyclic, heterocyclic, or heteroaromatic. In such 
compounds, the bonds between any two adjacent W atoms can be either single, double 
or aromatic bonds (valence permitting); W6 is not part of a ring; the W9-W10 bond is 
not part of a ring; W2, W7, W9, and WIO are each independently either N, C, or C 

30 with one substiment group (valence permitting); Wl, W4, W5, and Wll are each 
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independently either SOx (where x is 1 or 2), N, C, or C with one substituent group 
(valence permitting); and W3, W6, W8, W12, W13, and W14 are each independently 
either O, S, SO, SO2, N, C, C with one substituent group (either single or double 
bonded), N one substituent group (single bonded), or PO(OR). 
5 In addition, the invention provides a related group of compounds which have 

proven particularly beneficial for treating inflammatory diseases by inhibiting tumor 
necrosis factor activity. Such group comprises compounds of the formula: 



10 



R1 



H 



[0,S] 



N 



w 



w, 

4^^ 



wherein 

15 W1W2W3W4W5 is an aliphatic, heterocyclic, or heteroaromatic ring, with the 

provisos that: 

If Wl is CW6R2 or NW7R3, where W6 is CR4R5, CR6, O, S, NR7, 
SO, SO2, CO, C = NOR8, or C = NNR9R10, and W7 is CR4R5, CR6, O, NR7, 
SO, SO2, CO, C = NOR8, or C = NNR9R10, then Wl is not at a ring 
20 bridgehead, and 

If R2 and R3 are independently any alicyclic, heterocyclic, aromatic, or 
heteroaromatic ring structure, then 

W2 is O, S, NRll, CR12R13, CR14, SO, or SOj, (valence 
permitting), 

25 W3 is O, S, NR15, CR16R17, CRIB, SO, or SO^, (valence 

permitting) , 

W4 is O, S, NR19, CR20R21, CR22, SO, or SO., (valence 
permitting), 

W5 is N, C, or CR36 (valence permitting) 
30 If W2 is CR23 or NR24 where R23 or R24 is a five membered ring 
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(alicyclic, heterocyclic, or heteroaromatic) , then 

Wl is O, S, NR25, CR26R27, CR28, SO, or SO2, (valence 
permitting), 

W3 is O, S, NR29. CR30R31, CR32, SO, or SO2, (valence 
5 permitting), 

W4 is O, S, NR33, CR34R35, CR36, SO, or SO., (valence 
permitting) , 

W5 is N, C, or CR37 (valence permitting), 
If the ring W1W2W3W4W5 is neither 3-oxotetrahydrothiophene nor 
10 furan, or if the ring W1W2W3W4W5 is furan and Rl is not any of the groups 

in Exhibit A, then 

W2 can be CR23 or NR24 where R23 or R24 is a six membered 
ring (alicyclic, heterocyclic, aromatic or heteroaromatic); 

in addition, 

15 Wl is O, S, NR25, CR26R27, CR28, SO, or SO2, (valence 

permitting), 

W3 is O, S, NR29, CR30R31, CR32, SO, or SOj, (valence 
permitting), 

W4 is O, S, NR33, CR34R35, CR36, SO, or SO^, (valence 
20 permitting), 

W5 is N, C, or CR37 (valence permitting), 
Rl is independently H, heterocyclic, aromatic, heteroaromatic, small alkyl or 
cycloalkyl, optionally substituted with OH, O-alkyl, S-alkyl, hydroxy alkyl, CONHj, 
CONH-alkyl, OCF3, CON-dialkyl, halo, CF3, sulfonamide, phosphonamide, 
25 'phosphonate ester, SO-alkyl, SO^-alkyl, O-aryl, S-aryl, SO-aryl, SO^-aryl, COO-alkyl, 
CONH-aryl, acyloxy, acylamino, alkylsulfonylamino, or arylsulfonylamino; 

R3, R7 through Rll, R15, R19, R24, R25, R29, R33 are each independently, 
H, heterocyclic, aromatic, heteroaromatic, small alkyl or cycloalkyl, optionally 
substimted with OH, O-alkyl, S-alkyl, CONH., CONH-alkyl, CON-dialkyl, F, CF3, 
30 OCF3, sulfonamide, phosphonamide, or phosphonate ester; and 
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R2, R4 through R6, R12 thorugh R14, R16 through R18, R20 through R23, 
R26 through R28, R30 through R32, and R34 through R37 are each independently H, 
halogen, OH, NHj, or 0-alk>'l, OCF3, O-cycloalkyl, heterocyclic, aromatic, 
hetero aromatic, small alkyl or cycloalkyl, optionally substituted with OH, 0-alkyl, 
5 S-alkyl, SO-alkyl, S02-alkyl, CONH., CONH-alkyl, CON-dialkyl, F, CF3, 
sulfonamide, phosphonamide, phosphonate ester. 



Exhibit A 
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An additional aspect of the invention provides a method for treating 
inflammatory diseases by inhibiting tumor necrosis factor activity comprising 
administering a compound of the formula: 



w-w 

We 



wherein W1W2W3W4W5 is an alicyclic, heterocyclic or heteroaromatic ring, wherein 
Wl is O, S, NR2, CHR9, CRIO, or P = 0(OR43) (valence permitting); W2 is C or N 
(valence permitting); W3 is C = 0, C-S, C-X, CRll, NR12, SO, SO2, P = 0(OR44) 
(valence permitting); W4 is CR4, NR13, C = S, CO, SO, S, SOj, P=0(OR45) (valence 
permitting); W5 is C = 0, C = S, C-X, CR3, NR5, SO, SO2. P = 0(OR46) (valence 
permitting); and W6 is CR47, O, S, SO, SOj, NR6, CR7R8, P = 0(OR48) (valence 
permitting), or a group of the formula: 



=-W,_ W|=e=W, "lOvX ^ 



20 



where all double bond stereochemistry can independently be either Z or E, and where 
the bonds from W2 to W6 and from W6 to Rl can be, independently, either single or 

25 double (valence permitting). In such compounds, W7 is CR14R15, CO, C = NOR25 or 
C = NNR26R27; W8 is CR16; W9 is CR17; WIO is N or CR18; Wll is CH, N, CCH3, 
CF, CCH.CHj, or CCl; W12 is O, S, NR19 or CR20R21; W13 is CR22R23, O, S, 
NR24, SO2, SO, CO. C = NOR28, or C = NNR29R30; W14 is CR31R32, O, S, NR33, 
SO2. SO, CO, C = NOR34, or C = NNR35R36; W15 is CR37R38, O, S, NR39, SO^, 

30 SO, CO, C = NOR40, or C=NNR41R42; where Rl is any 5- or 6- membered alicyclic. 



10 
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heterocyclic, aromatic, or heteroaromatic ring, optionally substituted with alkyl, 
cycloalkyl, branched alkyl, halogen, trifluoroalkyl, alkoxy, aryloxy or benzoyloxy 
(optionally substituted with nitro, alkyl, branched alkyl or alkoxy), amide, ester, 
trifluoromethyl, nitro, NR7R8 (where R7 is hydrogen, alkyl, substituted alkyl, aryl, 
5 heteroaryl, alkyl, cycloalkyl, heterocylic, alicyclic and R8 is acyl, alkoxyacyl, 

carbamoyl, N-alkylcarbamoyI, alkoxy carbonyl, hydrogen, alkyl, substituted alkyl, aryl, 
heteroaryl, alkyl, cycloalkyl, heterocylic, alicyclic), preferably substituted with a 5- or 
6-membered ring attached directly or through O, NH, CH^, S, NCHO, NCH3, CO, 
CHOH, CHCH3, or C^CH^; R2, R5, R6, R12, R13, R19, R24 through R30, R33 
through R36, R39 through R46, R48 are each independently, H, heterocycli5, aromatic, 
heteroaromatic, allyl, alkenyl alkyl, alkenyl, small alkyl or cycloalkyl, optionally 
substimted with OH, O-alkyl, S-alkyl, CONH^, CONH-alkyl, CON-dialkyl, 
NHCO-alkyl, NHCO-aryl, NHCO-heteroaryl, F, CF3, sulfonamide, phosphonamide, 
phosphonate ester; and R3, R4, R7 through Rll, R14 through RIB, R20 through R23, 
R31, R32, R37, R38, R47 are each independently H, halogen, OH, NH2, or O-alkyl, 
O-cycloalkyl, heterocyclic, aromatic, heteroaromatic, small alkyl or cycloalkyl, 
optionally substituted with OH, O-alkyI, S-alkyl, SO-alkyl, SOj-alkyl, CONHj, 
CONH-alkyl, CON-dialkyl, F, CF3, OCF3, sulfonamide, phosphonamide, or 
phosphonate ester; together with a pharmaceutically acceptable carrier to a patient in 
20 need of such treatment. 

In addition, an alternative group of related compounds will also find use in the 
present method for treating inflammatory diseases by inhibiting tumor necrosis factor 
activity. This group of inhibitors includes compounds of the formula: 

O 



15 



25 R1^N''Y^R2 

Wf 

Where 

^W^^' " or or /=N 

' S o R3S 

30 where R3 is H or short alkyl or cycloalkyl; 
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and wherein 

Rl is H, or straight or branched alkyl (CI -CIO) optionally substituted by: 

COOR4 (where R4 is H, short alkyl, cycloalkyl, branched alkyl), an aromatic or 
heteroaromatic ring, or by aryloxy; or alkenyl, especially 2-propenyl; 
5 or aromatic or heteroaromatic ring-especially furan, optionally substituted by alkyl, 
hydroxy or alkoxy; 



10 



H H 



R6 



(the bond from 5 membered ring to R2 is double for CHR5 and single for NHR6); 

R5 is CR7 = CHR8 with R7=H or small alkyl and R8 = aryl or heteroaryl, 
optionally substituted by alkoxy; or aromatic or heteroaromatic (especially phenyl, 
furyl, thiophenyl, pyrrolyl, thiazolyl) optionally substituted by short alkyl; 
15 or nitro; or alkoxy (including multiple alkoxy); or aryloxy optionally substituted by 
alkoxy or alkyl; or aromatic or heteroaromatic (especially thiophenyl) optionally 
substituted by halo, trifluoromethyl, trifluoromethoxy, alkoxy, alkyl, COORIO (where 
RIO is H, short alkyl, cycloalkyl, branched alkyl) or optionally fused to a 5 membered 
carboxyclic or heterocyclic ring; 
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R6 is aromatic or heteroaromatic (especially phenyl, furyl, thiophenyl, pyrrolyl, 
thiazolyl) optionally substituted by short alkyl; nitro; alkoxy (including multiple 
alkoxy); aryloxy optionally substimted by alkoxy or alkyl; aromatic or heteroaromatic 
(especially thiophenyl) optionally substituted by halo, trifluoromethyl, 
5 trifluoromethoxy. alkoxy, alkyl, COORll (where Rll is H, short alkyl, cycloalkyi, 
branched alkyl) or optionally fiised to a 5 membered carboxyclic or heterocyclic ring; 
together with a pharmaceutically acceptable carrier to a patient in need of such 
treatment. 

In general, the present inhibitor compounds will be recognized as bearing a 
10 structural relationship to thiazolidinedione and 2-thiazolidinedione compounds, although 
a wide variation of the atomic components of the structures will be expected to preserve 
the TNF receptor antagonist activity. 
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Synthesis of In hibitor Compounds of the Invention 

In general, the compounds of the present invention can be prepared in 
accordance with chemical synthetic protocols well known to those of skill in this art. 
One desirable category of such techniques is know by the generic term "combinatorial 
5 chemistry." Such techniques are well know in the art, and can be generally 

summarized as follows: For example, preparation of libraries can be by the "split 
synthesis" method, as described in Gallop et al., J. Med, Chem,, 37:1233-1251 (1994). 
The split synthesis procedure involves dividing a resin support into n equal fractions, 
in a separate reaction carry out a single reaction to each aliquot, and then thoroughly 

10 mixing all the resin particles together. Repeating the protocol for a total of x cycles 
can produce a stochastic collection of up to n'' different compounds. An alternative 
format is by preparing sublibraries in the O3O2X1 format, wherein two positions on the 
compounds, O3 and O2 are explicitly defined and a third position, Xi, varies. Such 
sublibraries can be conveniently prepared by the tea-bag technique, as is known in the 

15 art, and described, for example in U.S. Pat. No. 4,631,211 and Houghten et al., Proc. 
NatL Acad, ScL, 82:5131-5135 (1985). 

Alternatively, or in addition thereto, the iterative selection and enhancement 
process of screening and sublibrary resynthesis can be employed. For example, a 
sublibrary of various Rl substituents can be screened to select the most active Rl 

20 substiment. The compound having the most active Rl is then resynthesized and with 
the Rl position being defined, a new R2 position mixture library is prepared, screened, 
and the most active R2 selected. The above process can then be repeated to identify R3 
and the other most active R substituents on the W1W2W3W4W5 ring. 

In yet another approach, the positional scanning technique, only a single 

25 position is defined in a given sublibrary and the most preferred substiment at each 
position of the compound is identified. 

The advantage of synthetic combinatorial libraries (SCLs) made up of mixmres 
of tens of millions of different compounds is that they can be used to rapidly identify 
individual, active compounds without the need to individually synthesize, purify, and 

30 test every single compound. Since the libraries are in solution (i.e., not attached to a 
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bead, pin, phage, glass, etc.) they can be screened in virtually any assay system. 

Solution phase combinatorial chemistry methods can be used when the product 
can be separated from side products and staning materials through rapid techniques. 
Examples of these are: (1) selective precipitation of product and removal of byproducts 
5 and precursors by washing, (2) selective removal of side products and staning materials 
using chemically reactive polymers and/or ion exchange polymers ("scavenge"), (3) 
selective binding of product to a chemically reactive polymer, followed by removal of 
the product through a second chemical reaction ("capture") (4) selective binding of 
product to an ion exchange polymer, followed by removal with acid, base, or high salt 
10 buffer ("capmre"), and (5) selective solubilization of product. Solution phase 
combinatorial chemistry approaches are covered in a recent set of reviews 
(Tetrahedron, 54:3955-4150 (1998)). 

The synthetic approaches described in examples 1-20 can be optimally carried 
out using solution phase combinatorial chemistry. Several reactions are carried out 
simultaneously using a muhiple reaction vessel block such as, but not limited to, the 
Charybdis Calypso™ temperature controlled blocks, with gas manifolds to maintam an 
argon or nitrogen atmosphere. Alternately, the reactions can be carried out 
simultaneously in multiple vials filled with argon or nitrogen and fitted with magnetic 
stu-bars and polytetrafluoroethylene-lined, sealed caps, by heating and stirrmg them 
simultaneously in a magnetic stirrer/heater such as, but not limited to, the Pierce 
ReactTherm^"^ III Heating/Stirring Module. The products are isolated by addition of 
water and filtration using a system such as, but not limited to, the Charybdis Calypso™ 
filtration block or polypropylene syringes fitted with filter disks made from 
polyethylene, polytetrafluoroethylene, or glass and attached to a vacuum manifold. 

By way of illustration of basic techniques for the synthesis of compounds within 
the scope of the present invention, schemes I-VII as illustrated below will prove 
exemplary of such synthetic techniques. 



15 



20 



25 
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Scheme I 



5 




10 



15 



According to reaction scheme I, a heterocycle containing a chemically reactive 
methylene group in an inert solvent such as dimethylacetamide is treated with an 
appropriately-substituted aldehyde in the presence of a catalyst such as acetic acid plus 
sodium acetate, piperidine, or ammonium hydroxide. Rl is any alkyl or aryl group, R2 
and R3 are O or no group, (for W4 and W5, see "broadly defined claim for TNF-active 
compounds", valence permitting). 



20 




W3-W2 



Pd(dppf)CI2, NaOAc, DMSO. heat 



H H 



X 

R1 



H 



W; 



H 
R1 



Scheme Hi 



O O 
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According to either of reaction schemes II and III, a 5-membered ring aromatic 
halide (XI =Br or I) is converted to the corresponding boronic pinacolate ester in an 
inert solvent such as DMSO or DMF, and then coupled to a benzylic or allylic halide 
RICH2X (Rl ==vinyl or aromatic, X = C1 or Br) using a palladium complex. In this 
illustration, dppf is taken to mean l,rbis(diphenylphosphiiio)ferrocene, and W1-W5, is 
as previously defined. 



10 



Scheme IV 
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Pd(dppf)CI2, NaOAc. DMSO, heat 



2. 



H 




R2 



Pd(PPh3)2C12 
DMF or DME 
H20 
K2C03 
heat 



w; 



w^ 



H 



W3-W2 



R1 



R2 



15 



Scheme V 
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According to either of reaction schemes FV and V, a 5-membered ring aromatic 
halide (Xl=Br or I) is converted to the corresponding boronic pinacolate ester in an 
inert solvent such as DMSO or DMF, and then coupled to a vinyl halide R1R2C = CHX 
(Rl and R2 are aromatic or aliphatic, X is Br or I, and dppf and W1-W5 are as 
1 previously defined) using a palladium complex. 




W H 

^r^2 Pd(dppf)CI2, NaOAc. DMSO. heat ^7r^^ 



10 2. R1NH2 W3-W2 

Pd(OAc)2 or 
Pd2(dba)3, 

1-(diphenylphosphino)-2-{1-bis(t-butyl)phosphino)ethylferrocene 

sodium t-butoxide, toluene 

heat 



15 



20 



Scheme VII 
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Pd(dppf)C!2, NaOAc, DMSO, heat 
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Pd(OAc)2 or 
Pd2{dba)3. 

1-(diphenylphosphino)-2-{1-bis(t-butyl)phosphino)ethylferrocene 

sodium t-butoxide. toluene 

heat 



NH 



R1 



25 According to either of reaction schemes VI and VII, a 5-membered ring 

aromatic halide (XI is Br or I) is converted to the corresponding boronic pinacolate 
ester in an inert solvent such as DMSO or DMF, and then coupled to a monoalkyamine 
or monoarylamine (RINH2) in toluene (dppf and W1-W5 are as previously defined). 
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Identificnnn n of Potential TNF Receptor Antagonists 

Thee are numerous assays available to routinely identify compounds which 
display activity as TNF receptor antagonists. One assay technique which has been 
found particularly useful is the Eu^"" labeling of TNF-a using a Eu^^-chelate of DTTA, 
5 which has demonstrated specific binding to TNF-Rl. Eu-labeling reagents are 

commercially available to link the Eu-chelate covalently to either a free amino group or 
a sulfhydryl group on the protein. On the basis of the x-ray structure of human TNF-a, 
six lysines are exposed on the protein surface, whereas two cysteine residues form an 
intra-disulfide bond, which leaves no free-cysteine accessible for chemical modification. 

10 TNF-a, TNF-p, and anti-human TNF-Rl antibodies are able to compete with Eu^"- 
labeled TNF-a for binding to the receptor. In this manner, highly sensitive, non- 
radioactive probes are found very useful for high throughput screening of potential 
small molecule TNF-Rl antagonists. 

The screening assay is performed generally as follows: 

15 Eu^'^-chelate of N^-(p-isothiocyanatobenzyl)-diethylenetriamine-N\ N^, N^, N^- 

tetraacetic acid (DTTA; Wallac, Gathersburg, MD) is used to prepare [Eu^"']TNF-a. 
lOOjig lyophilized TNF-a is resuspended in 100|aL of labeling buffer (50mM NaHCOj, 
pH 8.5, containing 0.9% NaCl). [Eu^-"]-DTTA (50 fig) is then added to TNF-a in the 
labeling buffer. The reaction is carried out at 4°C for 48 hours. The sample is then 

20 diluted 2-fold into 50mM Tris buffer (pH 7.8) containing 0.9% NaCl and 0.05% NaNj, 
and dialyzed against 1 liter 50mM Tris buffer to remove free Eu^"'-DTTA label. The 
protein concentration is determined by the Bradford method (Bradford, 1976) and the 
specific activity is calculated using a europium standard solution (Wallac). 

The ligand binding assay is performed as follows: 96-well plates are coated 

25 with lOng of TNF receptor in 50mM NaHCOa (pH 9.6) overnight at 4°C. Plates are 
then blocked with 0.2% BSA in PBS buffer, washed once with binding buffer 
(0.2%BSA/PBS/0,1% Tween-20), and incubated with Eu^-'-labeled TNF-a and the test 
compound for one and a half-hours at room temperamre. The plates are then washed 
three times with DELFIA Wash Solution (Wallac) and 100^I of DELFIA Enhancement 

30 Solution (Wallace) is added. The plate is placed on a plate shaker for 10 min before 
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reading using a Victor Flurometer 1420 (Wallac). The europium counting protocol is 
used with a 320nm excitation pulse at a frequency of 1000 s'^ and detection at 615nm 
(emission wavelength). Fluorescence signal is measured after a delay of 400 ^isec 
between each excitation pulse. Non-specific binding is defined using TNF-a with 500- 
5 fold excess of [Eu^'']TNF-a. Each experimental point is carried out in duplicate. 

The data ligand receptor interaction data is analyzed using Prizm (GraphPad 
Software). Ligand binding data are analyzed by non-linear least-square regression. 
Saturation data are fitted to a rectangular hyperbola model and competition data are 
fitted to a sigmoidal curve with a variable slope. Inhibition constants (Ki) are 

10 determined from ICsq's using the Chang-Prusoff equation (Cheng, Y.C. and W.H. 
Prusoff, Biochem. Pharmacol. 22:3099-3108 (1973)). 

In addition to showing specific, saturable binding, [Eu^"^]-TNF-a could be 
competed by unlabeled TNF-a and TNF-P with expected potencies. Thus, TNF-a and 
TNF-p have been shown to identify the same binding sites and present the same 

15 pharmacological properties. This results are in agreement with published 

x-ray structures of TNF-P-TNF-Rl complex and TNF-a (Eck, M.J. and S.R. Sprang, 
7. BioL Chem. 264:17595-17605 (1989); Banner, et aL, Ce// 73:431-445 (1993)). In 
addition, [Eu^'^lTNF-a could be displaced by an anti-human TNF-Rl neutralizing 
monoclonal antibody, as well as unlabeled TNF-a and TNF-p, suggesting that this 

20 antibody neutralizes TNF-Rl -mediated bioactivities by blocking TNF-a or TNF-p 
binding to TNF-Rl. 
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Determin;^ti on of TNF Receptor Antagonist Biological Activity 

Having screened prospective compounds for potential TNF receptor antagonist 
properties, it is considered desirable to verify the activity in a biological activity assay. 
TNF-a is know to cause rapid degradation of iKBa, with a concomitant translocation 
5 of NF-kB from the cytoplasm to the nucleus in MRC-5 cells (a human embryonal lung 
cell line (ATCC CCL-171)). 

In order to perform such an assay, MRC-5 cells (available as noted above) are 
incubated at a density of 5x10^ cells per chamber in culture medium (Eagle's MEM 
wit±i 2mM L-glutamine and Earle's ESS adjusted to contain 1.5g/L sodium bicarbonate, 
10 O.lmM non-essential amino acid, l.OmM sodium'pyruvate, 10% fetal bovine serum 
(FBS)) on Fisher culture slides overnight at 37°C and 5% COj. 

The next day, the medium is removed and Earle's MEM without FBS is added 
to each chamber. 0. InM TNF-a is then added to each as well as 100[aM of the test 
compound (negative control is no TNF-a, positive control is O.lnM TNF-a with no test 
15 compound added). The slides are placed in a 37° C incubator for 15 minutes. 

The chambers are washed twice with PBS. The cells are fixed by incubating in 
ice cold methanol for five minutes and allowed to air dry. The cells are then washed 
three times with PBS. The specimen is incubated with 10% FBS in PBS for 20 minutes 
to suppress non-specific binding of IgG, then washed once with PBS. 
20 The chambers are then incubated with goat anti-human NF-kB p65 (Santa Cruz 

Biotechnology, Inc.) at 1:500 dilution in PBS with 1.5% FBS for 60 minutes. The 
chambers are then washed three times with PBS for 5 minutes each, and incubated for 
45 minutes in a dark chamber with fluorescein goat anti-rabbit IgG (Santa Cruz 
Biotechnology, Inc.) diluted 1:200 in PBS with 1.5% FBS. After a fmal wash three 
25 times with PBS, a coverslip is mounted with SlowFade™ AntiFade (Molecular Probes). 

In order to score the results, the chambers are examined using a fluorescence 
microscope with an appropriate filter. At least 500 cells are counted per chamber and 
the location of the fluorescence is noted as either nuclear only, nuclear and 
cytoplasmic, or cytoplasmic only. 



wo 00/32598 PCT/US99/28856 

-26- 

Treatmenr of Inflammatory Responses 

Inflammaiory or immune-potentiated inflammatory events to be treated with the 
present TNF receptor antagonists are characterized by the presence of a humoral and/or 
cellular response directed against an undesired foreign or self target tissue or by 
5 uncertain etiology. Typically, immune potentiating inflammatory events are 

characterized by antibodies directed against host tissue by way of an aberrant host 
response, host antibodies against grafted tissue, or antibodies of graft origin directed 
against host tissue. Such events also are characterized by infiltration of 
polymorphonuclear neutrophils and mononuclear leukocytes into the target tissue, and 

10 subsequent induction of pain, localized edema, possible vascular endothelial injury and 
excessive production of cytokines by stimulated cells. Other than in transplantation 
immunity, such events occur during the course of diseases including arthritis, systemic 
lupus, Crohn's disease, inflammatory bowel disease, and other autoimmune disorders 
known to those skilled in the art. 

15 The therapeutically effective amounts of the present TNF receptor antagonist 

will be a fimction of many variables, including the affinity of the antagonist for the 
TNF receptor, any residual cytotoxic activity exhibited by competitive antagonists, the 
route of administration, the clinical condition of the patient (including the desirability of 
maintaining a non-toxic level of endogenous TNF activity), and whether the receptor 

20 antagonist is to be used for the prophylaxis or for the treatment of acute response 
episodes. Since the maximum tolerated dose of TNF-a in human clinical trials has 
ranged up to about 25 ^ig per 24 hrs, the molar dose of TNF receptor antagonist will be 
expected to vary about fi-om 0.001 to 10 times the maximum tolerated molar dose of 
TNF-a, although as noted above this range will be subject to a great deal of therapeutic 

25 discretion. It is to be expected that concentrations of TNF localized at the sites of 
inflammation may exceed the whole body maximum therapeutic dose. Assay of the 
TNF concentration in inflammatory infiltrates will provide guidance as to the amount of 
TNF receptor antagonist to be employed, particularly if localized administration is 
practical, e.g. in Crohn's disease (suppositories) or arthritis (injections into synovial 

30 fluid). Similar dosages and considerations apply in the case of TNF-p. The key factor 



wo 00/32598 PCT/US99/28856 

-27- 

in selecting an appropriate dose is the result obtained: If the patient's inflammatory 
response does not at least partially resolve within about 48 hours after administration, 
the dose should be gradually elevated until the desired effect is achieved. Also, 
relatively higher doses will be initially needed for the treatment for acute rejection or 
5 inflammatory episodes, i.e., for patients in acute organ transplant rejection or 
undergoing arthritic flares. 

In practicing the method of the present invention, the therapeutic preparation 
will be administered to a patient in need of anti-inflammatory treatment at a 
therapeutically effective dosage level. The lowest effective dosage levels can be 

10 determined routinely by initiating treatment at higher dosage levels and reducing the 
dosage level until relief from inflammatory reaction is no longer obtained. Generally, 
therapeutic dosage levels will range from about 0.01-lOOAig/kg of host body weight. 

The present TNF receptor antagonist can also administered in conjunction with 
other anti-inflammatory agents used in or proposed for the treatment of individual 

15 immunoinflammatory conditions as appropriate, e.g. gold salts, cyclosporin antibiotics, 
salicylate and corticosteroids (such as methylprednisolone). However, when employed 
together with TNF receptor antagonists these agents may be employed in lesser dosages 
than when used alone. 

Where combinations are contemplated, it is not intended that the present 

20 invention be limited by the particular nature of the combination. The present invention 
contemplates combinations as simple mixmres as well as chemical hybrids. One 
example of the latter is where the present compound is covalently linked to a 
pharmaceutical such as a corticosteroid, or where two or more compounds are joined. 
For example, covalent binding of the distinct chemical moieties can be accomplished by 

25 any one of many commercially available cross-linking compounds. 

In view of the therapeutic urgency attendant acute rejection episodes, the TNF 
receptor antagonist should be intravenously infused or introduced at the inflammatory 
lesion immediately upon the development of symptoms or serological evidence of TNF 
activity. However, prophylaxis is suitably accomplished by intramuscular or 

30 subcutaneous administration. In this regard, the compositions are prepared as 
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injectables, either as liquid solutions or suspensions; solid forms suitable for solution 
in, or suspension in, liquid prior to injection may also be prepared. These therapeutic 
preparations can be administered to mammals for veterinary use, such as with domestic 
animals, and clinical use in humans in a manner similar to other therapeutic agents. In 
5 general, the dosage required for therapeutic efficacy will vary according to the type of 
use and mode of administration, as well as the particularized requirements of individual 
hosts. 

It is not intended that the present invention be luxiited by the particular nature of 
the therapeutic preparation. For example, such compositions can be provided together 

10 with physiologically tolerable liquid, gel or solid carriers, diluents, adjuvants and 
excipients. Such compositions are typically prepared as sprays (e.g. intranasal 
aerosols) for topical use. However, they may also be prepared either as liquid solutions 
or suspensions, or in solid forms including respirable and nonrespirable dry powders. 
Oral formulations (e.g. for gastrointestinal inflammation) usually include such normally 

15 employed additives such as binders, fillers, carriers, preservatives, stabilizing agents, 
emulsifiers, buffers and excipients as, for example, pharmaceutical grades of mannitol, 
lactose, starch, magnesium stearate, sodium saccharin, cellulose, magnesium carbonate, 
and the like. These compositions take the form of solutions, suspensions, tablets, pills, 
capsules, sustained release formulations, or powders, and typically contain l%-95% of 

20 active ingredient, preferably 2% -70%. 

The compounds of the present invention are often mixed with diluents or 
excipients which are physiologically tolerable and compatible. Suitable diluents and 
excipients are, for example, water, saline, dextrose, glycerol, or the like, and 
combinations thereof. In addition, if desired the compositions may contain minor 

25 amounts of auxiliary substances such as wetting or emulsifying agents, stabilizing or 
pH buffering agents. 

Additional formulations which are suitable for other modes of administration, 
such as topical administration, include salves, tinctures, creams, lotions, and, in some 
cases, suppositories. For salves and creams, traditional binders, carriers and excipients 

30 may include, for example, polyalkylene glycols or triglycerides. 



wo 00/32598 PCT/US99/28856 

-29- 

The following examples serve to illustrate certain preferred embodiments and 
aspects of the present invention and are not to be construed as limiting the scope 
thereof. 

5 Experimental 

In the experimental disclosure which follows, all weights are given in grams (g), 
milligrams (mg), micrograms ([ig), nanograms (ng), or picograms (pg), all amounts are 
given in moles, millimoles (mmol), micromoles ([imol), nanomoles (nmol), picomoles 
(pmol), or femtomoles (fmol), all concentrations are given as percent by volume (%), 

10 proportion by volume (v:v), molar (M), millimolar (mM), micromolar (m-M), 

nanomolar (nM), picomolar (pM), femtomolar (fM), or normal (N), all volumes are 
given in liters (L), milliliters (mL), or microliters ([iL), and linear measurements are 
given in millimeters (mm), or nanometers (nm) unless otherwise indicated. 

The following examples demonstrate the practice of the present invention in 

15 synthesizing compounds according to the invention, generally as depicted in Figure 1, 
and in methods by which drugs having the formulas shown can be readily identified by 
routine assay procedures to demonstrate that they possess the desired activity: 
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Example 1 

E-.$-(5'merhv]fiiran-2-vlmethvlene^-2-- thioxo--3-methvl-thia7.nlidin>4>nn 

5-Methylfuran-2-carboxaldehyde (70.4mg, 0.64niinol) and 
2-thioxo-3-methyl-thiazolidin-4-one (94.2mg, 0.64minol) are stirred in 0.32mL 
5 dimethylacetamide and 0.32niL acetic acid containing sodium acetate (26mg, 

0.32mniol) for 67 hours at 85 °C under an argon or nitrogen atmosphere. Cold water 
(7mL, S^'C) is added to the reaction mixture, resulting in a precipitate. After filtration 
and washing with 15mL cold water, the residue is dissolved in 24mL of 9:1 methylene 
chloride, filtered and stripped of solvent under high vacuum yielding 87mg of the title 
10 compound (56% yield). 

'HNMR (500MHz, CDCI3): 

6: 7.41 IHs, 6.77 IHd (J-3.3), 6.21 IHd (J = 3.3), 3.50 3Hs, 2.42 3Hs 

15 

Example 2 

E-5-f5->methvlfi aran-2-ylmethyleneV2-thioxo-3-al]vl-thiazolidin-4-one 

5-Methylfuran-2-carboxaldehyde and 2-thioxo-3-allyl-thiazolidin-4-one are 
converted to the title compound generally according to the protocol of Example 1. 

20 

^HNMR (500MHz, DMSO-de): 

5: 7.6 IHs. 7.18 IHd (J = 3.3H2), 6.47 IHd (J = 3.6 Hz), 5.84 IHm, 5.17 IHd 
(J=11.3 Hz), 5.11 IHd (J=18.3 Hz), 4.63 2Hd (J = 4.9 Hz), 2,43 3Hs. 



25 
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Example 3 

E-5-ahiazol-2-vlmethvleneV 2-thioxo-3-allvl-thiazolidin-4-Qne 

Thiazol-2-carboxalciehyde zfid 2-thioxo-3-allyl-thiazoIidin-4-one are converted to 
the title compound generally according to the protocol of Example 1 . 

5 

^HNMR (500MHz, DMSO-d^): 

6: 8.24 IHd (J = 3.0Hz), 8.11 IHd (J = 3.3 Hz), 8.09 IHs, 5.85 IHm, 5.18 IHm, 5.13 
IHd (J= 16.5Hz), 4.64 2Hd (J=4.9). 

10 

E?^^mpl^ 4 

E-5-(G-phen oxv')thiophen-2-vlmethyleneV2-thioxo-3-ethvl-thiazolidin-4-Qne 

3-Phenoxythiophen-2-carboxaldehyde (204mg, 1.44mmol) and 
2-thioxo-3-ethyl-thiazolidin-4-one (231mg, 1.44mmol) are stirred together in 1.44mL of 
15 a 1:1 (V:V) mixture of acetic acid and N,N-dimethylacetamide containing sodium 

acetate (59mg, 0.72mmol) for 50 hours at 90°C under argon. After cooling to ambient 
temperature, water (lOmL) is added to the reaction mixture. The resulting precipitate 
is isolated by filtration and washed with lOOniL water, then air-dried and dried under 
high vacuum, yielding 443mg (88 %) of the title compound. 

20 

'HNMR (500MHz, CDCI3): 

6: 8.09 IHs, 7.61 IHd (J = 5.5 Hz), 7.37 2Ht (J = 8.1), 7.17 IHt (J = 7.3 Hz), 7.05 
2Hd (J-7.8 Hz), 6.75 IHd (J = 5.3 Hz), 4.18 2Hq (J = 7.0Hz), 1.27 3Ht (J = 7.2 Hz). 



25 
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Example 5 

E-5-(5-(2-nitrophenvnfuran-2-vlmethvleneV2-thinxn- 3-ethvl-fhia7.nlidiTi-4-nTie 

5-(2-nitrophenyI)furan-2-carboxaldehyde and 2-thioxo-3-ethyl-thia2oIidin-4-one 
are converted to the title compound generally according to the protocol of Example 4. 

5 

•HNMR (500MHz, CDCI3): 

6: 7.86 IHd 0 = 8.6), 7.8 IHd (J = 8.4), 7.71 IHt (J = 7.8), 7.54 IHt (J = 7.7), 7.46 
IHs, 6.93 IHd (J = 4.0), 6.83 IHd (J=4.1 Hz), 4.19 2Hq (J = 7.2), 1.28 3Ht (J=7.2). 

10 Example 6 

E-5-('2.3.4 -trimethoxy-benzylidene')-2-thioxo-3-ethvl-thia2olidin-4-one 

2,3,4-trimethoxybenzaldehyde and 2-thioxo-3-ethyl-thiazolidin-4-one 
are converted to the title compound generally according to the protocol of Example 4. 

15 'HNMR (500MHz, CDCI3): 

6: 7.99 IHs. 7.15 IHd (J = 9.1 Hz), 6.77 IHd (J = 8.5 Hz), 4.2 2Hq (J = 7.2Hz), 
3.3Hs, 3.93 3Hs, 3.88 3Hs, 1.29 3Ht (J = 7.2 Hz). 
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Example 7 

E'5-(5-(2-nitrophenvlV2-furan2-vlmethvleneV2-thioxo-3-allyl-thiazolidm-4^^ 

5-(2-nitropheiiyl)furan-2-carboxaldehyde (77mg, 0.45mmol) and 
2-thioxo-3-ethyl-thiazolidin-4-one ( 72mg, 0.45mmol) are stirred together in 0.46mL of 
5 a 1:1 (V:V) mixture of acetic acid and N,N-dimethylacetamide containing sodium 
acetate (18,5mg, 0.225mmol) at 90 ""C under argon for 86 hours. After cooling to 
25 °C, water (40mL) is added to the reaction mixture, and the resulting precipitate is 
isolated by filtration and washed with lOOmL water, air dried, and dried under high 
vacuum, yielding 161mg (100%) of the title compound. 

10 

*HNMR (500MHz, CDCI3): 

6: 7.87 IHd (J==8.6Hz), 7.8 IHd (J = 8.4Hz), 7.54 IHt (J=7.7Hz), 7.54 IHt 
(J=7.7Hz), 7.47 IHs, 6.94 IHd (J = 3.5Hz), 6.83 IHd (J = 3.9H2), 5.86 IHm, 5.29 
IHd (J = 18Hz), 5.25 IHd (J= 10.3Hz), 4.74 2Hd (J=6.3Hz). 



Example g 

E-5-f5-r2-nitrophenylV2-furan2-vlmethylene)-thiazoIidin-2.4-dione 

5-(2-mtrophenyl)furan-2-carboxaldehyde and thia2olidin-2,4-dione are combined 
20 using the protocol of Example 7 to yield the title compound. 

'HNMR (500MHz, DMSO-d^): 

6: 12.5 IHs, 8 IHd (J = 7.9Hz). 7,93 IHd (J = 7.8Hz), 7.83 IHt (J = 7.6Hz). 7.68 IHt 
(J = 7.9Hz), 7.62 IHs, 7.26 IHd (J = 3.7Hz), 7.22 IHd (J-3.7Hz). 



25 
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Example 9 

E-6-(g-(,5-(?.-niTrophenvn-2-furanvlidene'>-4-oxn-?-ThinYn-thia7.n1ifiin- 3 -vn-heYannir ar^ H 
isoprnpvl ft?;tpr 

5-(2-nitrophenyl)furan-2-carboxaIdehyde and 6-(4-oxo-2-thioxo-tliiazolidin-3-yI)- 
5 hexanoic acid isopropyl ester are combined using the protocol of Example 7 to yield the 
title compound. 

'HNMR (500MH2, CDCI3): 

6: 7.87 IHd (J = 8.6Hz), 7.80 IHd (J = 8.2Hz), 7.54 IHt (J = 7.8Hz). 7.54 IHt 
10 (J=7.8), 7.46 IHs (J = 7.3H2), 6.93 IHd (J=4.0Hz), 6.83 IHd (J = 3.7Hz), 5.0 IHm. 
4.11 2Ht (J=7.6Hz), 2.28 2Ht (J=7.3Hz), 1.70 4Hm, 1.40 2Hm, 1.22 6Hd 
(J=6.2Hz) 



15 Example 10 

E-5-(5-("2-chlorophenvnfuran-2- vlmethvlene')V2-thinYn-3-ethv1-fhia7.n1idin-4-nn ff 

5-(2-chlorophenyl)furan-2-carboxaldehyde and 2-thioxo-3-ethyl-tliiazolidin-4-one 
are combined using the protocol of Example 1 to yield the title compound. 

20 'HNMR (500MHz, CDCI3): 

6: 8.00 IHdd (Jl=7.4Hz, J2 = 1.8Hz), 7.47 3Hm, 7.38 IHd (J = 3.9Hz), 7.32 IHt 
(J=7.9Hz), 6.98 IHd (J = 3.2Hz), 4.21 2Hq (J=7.2Hz), 1.3 3Ht (J = 6.9Hz). 
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Example 1 1 

E-5-(5-f2-trifluornmethvnfuran-2-vlmethvlene'>V2-rhi nxo-3-ethvl-thia7.n]idin-4-nTip 

5-(2-trifluoromethyl)furan-2-carboxaldehyde and 
2-thioxo-3-ethyl-thiazolidm-4-one are combined using the protocol of Example 1 to 
5 yield the title compound. 

'HNMR (500MHz, CDCI3): 

6: 7.94 IHd (J = 7.9Hz), 7.81 IHd (J = 7.9Hz), 7.72 IHt (J = 7.7Hz), 7.54 IHt 
(J = 7.7Hz), 7.47 IHs, 2Hs, 4.2 2Hq (J = 7.2Hz), 1.29 3Ht (J=7.2H2). 



Example 12 

E-5-r5-<'2-mefhoxycarhon ylthiophen-3-vl')furan-2-ylmethylene')V2-thioxo-3-ethyl- 
thiazolidin-4-nne 

15 5-(2-methoxycarbonylthiophen-3-yI)furan-2-carboxaldehyde (63mg, 0.39mmol) 

and 2-thioxo-3-ethyl-thiazoIidin-4-one (91mg, 0.39mmol) are stirred in 0.44mL 
dimethylacetamide and 0.1 9mL acetic acid containing soditmi acetate (32mg, 
0.39mmol) for 67 hours at 85°C under an argon atmosphere. Cold water (7mL, 5°C) 
is added to the reaction mixmre, resulting in a precipitate. 

20 After filtration and washing with 15 mL cold water, the residue is dissolved in 

24mL of 9:1 methylene chloride, filtered and stripped of solvent under high vacumn. 
Yield: 50mg (34%). 

'HNMR (500MHz, CDCI3): 
25 6 : 7.81 IHd (J=4Hz), 7.73 IHd (J = 5.1Hz), 7.6 IHd (J=5.2Hz), IHs (J=Hz), 6.97 
IHd (J=4Hz), 4.2 2Hq (J=7.2Hz), 3.92 3Hs, 1.3 3Ht (J=7.2Hz). 
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Example 13 

5-('2-(fura n-2-yneth-l-enylmethvlene')')-2-thioxo-3-ethvl-thia2olidin-4-one 

3-(furan-2-yl)propenal and 2-thioxo-3-ethyl-thiazolidm-4-one are combined 
using the protocol of Example 1 to yield the title compound. 

5 

'HNMR (500MHz, DMSO-dg): 

6: 7.52 IHd (J=1.4Hz), 7.37 IHd (J=I1.9Hz), 6.82 IHd (J = 14.8Hz), 6.64 IHdd 
(J = 11.6Hz, 14.7Hz)), 6.6 IHd (J = 3.6Hz), 6.5 IHt (J=2.4Hz), 4.16 2Hq (J = 7.2Hz), 
1.27 3Ht(J = 6.9Hz). 

10 

Example 14 

E-5-<'3-<'4-methnxvphenoxvVhenzvlidene')-2-thioxo-3-ethvl-thia7.o1idin-4-nnft 

3-(4-Methoxyphenoxy)-benzaldehyde and 2-thioxo-3-ethyl-tliiazolidin-4-one are 
15 converted to the title compound using the protocol of Example 1 . 

'HNMR (500MHz, CDCI3): 

6: 7.78 IHs, 7.52 IHt (J=Hz), 7.33 IHd (J=Hz), 7.13 IHt (J=Hz), 7.08 3Hm, 7.01 
2Hd (J = 8.0Hz), 4.05 2Hq (J=7.0Hz), 3.77 3Hs, 1.18 3Ht (J=6.8Hz). 



20 



wo 00/32598 PCT/US99/28856 

-37- 

Example 15 

E-3-(2-furvlrTierhvn-5-n5-(2-nitrophenvn('2-fi irvnimerhvlpne^-?..thmYo- 
1.3-thia7.n1if1iT7-4-r>pp 

5-(2-nitrophenyl)furan-2-carboxaldehycie and 
5 3-(2-furyImethyl)-2-thioxo-l,3-thiazolidin-4-one are combined using the protocol of 
Example 7 to yield the title compound. 

'HNMR (500MHz, CDCI3): 

6: 7.85 IHd (J = 8.0Hz), 7.80 IHd (J = 8.1Hz), 7.70 IHt (J = 7.7Hz), 7.54 IHt 
10 (J=7.7Hz), 7.35 IHs, 6.94 IHd (j'=3.7Hz), 6.82 IHd (J=3.4Hz), 6.42 IHd 
(J = 3.1Hz), 6.32 IHt (J=2.3Hz), 5.31 2Hs. 



Example 16 

15 5-(2-methv1-3-phenvlnrop-2-envlide neV3-ethvl-2-thioxo-1.3-thia7o1idin-4-onp 

2-methyl-3-phenylprop-2-enal and 3-ethyl-2-thioxo-l,3-thiazolidin-4-one are 
combined using the protocol of Example 7 to yield the title compound. 

'HNMR (500 MHZ, CDCI3): 
20 6: 7.52 IHs, 7.37 5Hm, 7.06 IHs, 4.19 2Hq (J = 7.2Hz), 2.24 3Hs, 1.28 3Ht 
(J = 7.2Hz). 
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Example 17 

E-3-ethvl-5-lr3-fphenvlmethQxv)phenvl1methvlenel-2-thioxo-1.3-thi a^^^ 

3-(phenylmethoxy)benzaldehyde (402mg, 1.89mmol) and 
3-ethyI-2-thioxo-l,3-thiazolidin-4-one (317mg, 1.97nimol) are dissolved in ImL 
5 dimethylacetamide and ImL acetic acid containing sodium acetate (89mg, 1.085mmol). 
The mixture is stirred under argon at 90°C for 40 hours, cooled to ambient 
temperature, and treated with 20niL water to precipitate the product. The mixture is 
filtered and the residue washed with lOOmL water, air dried, and dried under high 
vacuum to yield 576 mg of the title product (82% based on 
10 3-(phenylmethoxy)benzaldehyde) . 

^HNMR (500MHz, CDCI3): 

6: 7.67 IHs, 7.40 6Hm, 7.08 3Hm, 5.12 2Hs, 4.19 2Hq (J=7.1H2), 1.29 3Ht, 
(J=7.2Hz). 



Example 1 R 

E-3-ethv]-5-lr5-f3>nitrophenvlV2-fiirvnimethvlene}^2-thioxQ-1.3-t hiazQlidin-4-Qne 
5-(3-nitrophenyl)furan-2-carboxaldehyde (132mg, 0.61mmol) and 

20 3-ethyl-2-thioxo-l,3-thiazolidin-4-one (98mg, 0.61mmol) are stirred in 0.91mL 

dimethylacetamide and 0.3mL acetic acid containing sodium acetate (50mg, 0.61nmiol) 
for 67 hours at 85 ^^C under an argon atmosphere. Cold water (7mL, 5°C) is added to 
the reaction mixture, resulting in a precipitate. After filtration and washing with 15mL 
cold water, the residue is dissolved in 24mL of 9:1 methylene chloride, filtered and 

25 stripped of solvent under high vacuum. Yield: 116mg (52 %) 

^HNMR (500MHz, CDCI3): 

6: 7.85 IHd (J = 8.0Hz), 7.80 IHd (J = 8.1Hz), 7.70 IHt (J=:7.7H2), 7.54 IHt 
(J=7.7Hz), 7.35 IHs, 6.94 IHd (J = 3.7Hz), 6.82 IHd (J = 3.4Hz), 6.42 IHd 
30 (J = 3.1Hz), 6.32 IHt (J=2.3Hz), 5.31 2Hs. 
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Example 19 

E-5-lr3.5-bisrteri-butvlV4-hvdroxvphenvnmethvle ne}-3-methvl-2--thioxo- 
1 .3-thiazn1idin-4-nnfi 

3 ,5-bis(tert-buty l)-4-hydroxybenzaldehyde and 
5 3-methyl-2-thioxo-l,3-thiazolidin-4-one are combined using the protocol of Example 12 
to yield the title compound, 

^HNMR (500MHz, CDCI3): 

6: 7.73 IHs, 736 2Hs, 5.74 IHs, 3.52 3Hs, 1.48 18Hs. 

10 

Example 20 

E-5-f{3-f4-(ter t.-butynphenQxy1phenyl}methvleneV3-methyl-2-thioxo~ 
1.3-thiazQlidirt->4-one 

15 3-[4~(tert-butyl)phenoxy]benzaldehyde and 

3-methyl-2'-thioxo-l,3-thiazolidin-4-one are combined using the protocol of Example 1 
to yield the title compound. 

'HNMR (500MHz. CDCI3): 
20 6 : 7.67 IHs, 7.41 3Hm, 7.19 IHd (J=7.8Hz), 7.08 IHdd (J = 8.2H2), 7.05 IHt 
(J = 1.8Hz), 6.98 2Hdd (J=6.4Hz), 3Hs, 1.35 9Hs. 

The following Examples describe the synthesis of compounds according to the present 
invention which are not purified, nor characterized according to NMR spectra. The 
25 crude, uncharacterized product will then be screened in a preliminary TNF/TNF 
receptor binding assay (see Example 42): 
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Example 21 

3-ethvl-.5-(1.3-Thiazol-2-vlmethvleneV2-thiQxo-1.3-thia7 olidin-4-onfi 

3-ethyl-2-thioxo-l,3-thiazolidin-4-one and l,3-thiazol-2-carboxaldehyde are 
5 combined using the protocol of Example 1 to yield the title compound. 



Example 22 

g-(2-methYl-3- phenvlproD-2-envl idene ) -3- m et h v ] -2-thioxo^l.3-thia7nlidin-4.np p 

3-methyl-2-thioxo-l,3-thiazoIidin-4-one and 2-methyl-3-phenylpropenal are 
combined using the protocol of Example 4 to yield the title compound. 



15 Example 23 

3-ethvK5-U3-(2-hvdroxvethoxv^Dhenvllmethvlene}-2-th mxo-1.3-thia7olidin^-^^^ 

3-ethyl-2-thioxo-l,3-thiazolidin-4-one and 3-(2-hydroxyethoxy)benzaldehyde are 
combined using the protocol of Example 4 to yield the title compound. 

20 

Example 24 

3-methvl-5-fn-r4-mcthvlp henoxv^phenvnmethv1ene}-2-thioxo-1.3-thiazolidin-4-one 

25 3-methyl-2-thioxo-l,3-thiazoIidin-4-one and 3-(4-methylphenoxy)benzaldehyde 

are combined using the protocol of Example 4 to yield the title compound. 
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3-methvl-5-{r5>n-nitrQphenvlV2-fiirvnimethvlene}-2- thioxo-K 

3-methyl-2-thioxo-l,3-thiazolidin-4-one and 5-(3-nitrophenyl)2-furaldehyde are 
5 combined using the protocol of Example 1 to yield the title compound. 



E?c^rnple 26 

5-(5-[2-nitrQphenvlfu ran-2-vlmethylene}V2-thioxo-3-methvl-thiazolidin-4-one 

3-methyl-2-thioxo-l,3-thia2olidin-4-one and 5-(2-nitrophenyl)2-furaldehyde are 
combined using the protocol of Example 4 to yield the title compound. 



15 Example 27 

3-ethvl-5-{r3-r4-methvlphenoxv^phenvl1methvlene}-2-thioxo ^l.3-thiazolidin->4>one 

3-ethyl-2-thioxo-l,3-thiazolidin-4-one and 3-(4-methylphenoxy)benzaldehyde are 
combined using the protocol of Example 4 to yield the title compound. 

20 

Example 2R 

5"! r3-(4-methoxyphenoxy')phenynmethvlene}-3-methyl-2-thioxo- 1 . 3-thiazQlidin-4-one 



25 



3-methyl~2-thioxo-l ,3-thiazolidin-4-one and 3-(4-methoxyphenoxy)benzaldehyde 
are combined using the protocol of Example 4 to yield the title compound. 
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Example 29 

^-f{3-r4-nierliv]phenoxv1phenvl)methvleneV3-pmp-2 -envl-2-thinxn- 
1.3-thia7o1i(iin-4-nnfi 

3-prop-2-enyi-2-thioxo-l ,3-thiazolidin-4-one and 
5 3-(4-methylphenoxy)benzaldehyde are combined using tiie protocol of Example 1 to 
yield the title compound. 



Example 30 

10 5-lr3.5-his(tert-butvlV4-hvdroxvph envnmethvlene}-3-ethvl-2-thioxn> 
1.3-thiazo Iidin-4~one 

3-ethyl-2-thioxo-l ,3-thiazolidin-4-one and 
3,5-bis(tert-butyI)-4-hydroxybenzaldehyde are combined using the protocol of Example 
15 4 to yield the title compound. 



Example 31 

5-({3-r4-meth nxvphenoxy1phenyl}methvleneV3-prop-2>-envl-2-thioxo- 
20 1 .3-thia2olidin-4-one 

3 -prop-2-eny 1-2-thio xo- 1 , 3 - thiazolidin-4-one and 
3-[4-methoxyphenoxy]benzaldehyde are combined using the protocol of Example 1 to 
yield the title compound. 



25 
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Example ^9. 

5-({3-r4-(tert-hiirvnDhenoxvlDhenvllmethvleneV3-eth vl-2-thioxo>1.3^^^ 

3-ethyl-2-thioxo-l ,3-thia2olidin-4-one and 3-[4-(tert-butyl)phenoxy]benzaldehyde 
5 are combined using the protocol of Example 1 to yield the title compound. 



Example 33 

3-ethvl-5-(r5-(7-rrifluoromerhoxvphenvn r2-furvl^1methvlene}--2^thinYn> 
10 1.3-thiazo]idin-4-nnft 



3-ethyl-2-thioxo-l ,3-thiazolidin-4-one and 
5-(2-trifluoromethoxyphenyl)2-furaldehyde are combined using the protocol of Example 
4 to yield the title compound. 

15 



Example 34 

5-((3-r4-(tert-butvnphenoxvlphe nvl}methvleneV3-prop>2-envl-2-.thioYo^ 
1.3-thiazn lidin-4-one 

3-prop-2-enyl-2-thioxo-l ,3-thiazolidin-4-one and 
3-[4-(tert-butyl)phenoxy]benzaldehyde are combined using the protocol of Example 1 to 
yield the title compound. 
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Example 35 

5-({2.5-dimeth vl-l>r3-ftrifluoromethv nphenvl1pvrrQK3-vl}methvlen 
.3-thiazQlidin-4-nne 

5 3-ethyl-2-thioxo-l,3-thiazolidin-4-one and 

2,5-dimethyl-l-[3-(trifluoromethyl)phenyl] pyrrol-3-carboxaldehyde are combined using 
the protocol of Example 4 to yield the title compound. 

10 Example 36 

3-'f3-hydrQxyphenylV5-{r5-r2-nitrophenvlV2-ftirynimethylene}-2-thioxo- 
1.3-thiazo1idiTi-4-one 

3-(3-hydroxyphenyl)-2-thioxo-l ,3-thiazolidin-4-one and 
15 5-(2-mtrophenyl)(2-fiiraldehyde) are combined using the protocol of Example 4 to yield 
the title compound. 

Example 37 

20 3-r4-ethoxvphenvn-5-{r5-r2-nitrophenvlV2-furvnimethvlene}-2-thioxo- 
1.3-thiazolidTn-.4-one 



25 



3-(4-ethoxyphenyl)-2-thioxo-l ,3-thiazolidin-4-one and 
5-(2-nitrophenyl)(2-furaldehyde) are combined using the protocol of Example 4 to yield 
the title compound. 
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Example 38 

5-(r3,5-bis(Dhenvlmethoxv^p henvl1methvlene}-3-ethvl-2-thioxo-1.3-thi;^zo^ 
(2-furvlmethvleneV2-thioxQ-L3-thiazolidin-4-one 

3-ethyl-2-thioxo-l,3-thia2olidm-4-one and 3,5-bis(phenylmethoxy)benzaldehyde 
are combined using the protocol of Example 4 to yield the title compound. 

Example 39 

3-methvl-5-n.3~t hiazol-2-vlmethvleneV2-thioxo-1.3~thiazolidin-^-one 

3-methyl-2-thioxo-l,3-thiazolidin-4-one and l,3-thiazole-2-carboxaldehyde are 
combined using the protocol of Example 1 to yield the title compound. 

Example 40 

5-r(5-methvir2-fii rvn^methv1ene1-3->ethy]-2--thioxo>-1.3-thiazolidin-4-one 

3-ethyl-2-thioxo-l,3-thiazolidin-4-one and 5-methyl-2-furaldehyde are combined 
using the protocol of Example 4 to yield the title compound. 

Example 41 

5-r4-({r2-r5-fnrTn Yl-2-thienvn-1.3-dioxolan-4-vllmethoxv}methvn polystyrene 

To 60mL of (2,2-dimethyl-l,3-dioxolan-4-yl)methan-l-ol, thiophene-2- 
carbaldehyde is added 2g (0.0833 mmol) of Sodium. After stirring at 25°C under 
argon, 7g of chloromethyl polystyrene/divinylbenzene copolymer (1% cross linked, 
O.Snmiol CI per gram of resin) is added and stirred overnight at 25 ''C, then at 80°C for 
24 hours. The resin is washed 3 times with 25mL Dioxane, 3 times with 25mL 
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dioxone/HjO, 6 times with 25niL HjO, 3 times with 25mJL EtOH, 3 times with 25mL 
MeOH, and dried under high vacuunji. The resin is then treated with a 1/1 mixture of 
dioxane and IM HCl [concentrated] for 48 hours at 25 °C. The resin is again washed 
with 3 times with 25mL Dioxane, 3 times with 25mL H2O, 3 times with 25mL 
Dioxane, 3 times with 25mL Acetone, 3 times with 25mLL EtOH, 3 times with 25niL 
MeOH and dried in vacuo. 

A portion (2g, 1.6mmols of diol) of the resulting product (2,2-dimethyl(l,3- 
dioxolan-4-yl))methoxy]methyl polystyrene) is stirred overnight at 85°C with 4.9g 
(3.5mmol) of 2.5,-thiophone dicarbaldehyde dissolved in a minimum volume of 
toluene, Ig (8.3mmol) of anhydrous magnesium sulfate, O.lg (0.526mmol) 
Toluenesulfonic Acid. The resin is washed 2 times with 25mL pyridine, 3 times with 
25 mL pyridine/H20, 6 times with 25mL H2O, 3 times with 25mL EtOH, 3 times with 
25mL MeOH, and dried in vacuo to yield the title compound. 



Example 42 

2-r5-formyl-2-thienyDacetic acid 

To Ig (O.Smmol of aldehyde) of the product from Example 41 (5-[4-({[2-(5- 
formyl-2-thienyl)-l,3-dioxolan-4-yl]methoxy}methyl) polystyrene) is added 15mL THE, 
ImJL (2.4 mmol) of 40% benzyltrimethhylammonium hydroxide in water, and 3mL 
(28.8 mmol) of methyl (methylsulfinal) sulfoxide. This mixture is stirred in a capped 
vial at 60''C overnight. The resin mix is cooled, then filtered and washed 3 times with 
25mL THE, 3 times with 25mL Dioxane, 3 times with 25mL MeOH, 3 tunes with 
25mL Dioxane, 3 times with 25mL MeOH, and dried in vacuo. The product resin (Ig) 
is then treated with a solution of 8mL cone. HCl in 8mL Dioxane for 3 hours at 25 °C. 
To this solution is added lOmL of dichloromethane and ImL H2O. The filtrate is 
collected and the resin is washed 3 times with 2mL of dichloromethane followed by 
5mL of H2O. The resulting filtrates are all combined and the organic layers separated. 
The aqueous layer is extracted with dichloromethane, the organic layers are combined, 
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dried with sodium sulfate, and evaporated to give an oily residue which is dissolved in 
ether then extracted with saturated KHCO3. The aqueous layer is acidified with HCl 
and extracted with DCM dried and evaporated to yield 41mg of the title product (30% 
based on the resin from Example 41). 

Example 43 

N-rr5-formvl-2-thienvnmethyl1acetamide 

To Ig (0.8 mmole of aldehyde) of the product from Example 41 (5-[4-({[2-(5- 
formyl-2-thienyl)-l,3-dioxolan-4-yI]methoxy}methyl) polystyrene) is added trimethyl 
orthoformate containing 2 % acetic acid (the minimum volume sufficient to allow 
stirring of the slurry). Ammonium acetate (231mg, Snrniol) is then added and the 
mixture is stirred for 20 minutes at 25 °C. Sodium cyanoborohydride (188.5mg, 
3mmol) is added and the mixture is stirred at 25° C in a sealed vial for 18 hours. The 
resin is washed 2 times with 15mL of trimethylorthoformate, 3 times with 15mL of 
pyridme, 3 times with 15mL of DMF, 3 times with 15mL of dichloromethane, 3 times 
with 15mL of MeOH, 2 times with 15mL of dichloromethane, 3 times with 15inL of 
MeOH and dried in vacuo. The resin is then taken up in 15mL of a 20% acetic 
anhydride in dichloromethane containing 0.5mL of diisopropylethylamine and stirred 
for 2 hours. The resin is treated with Dioxane/IM HCl (cone.) (1/1) for 48 hours, then 
diluted with HjO, filtered and extracted with DCM (15mLx3). The filtrates are 
combined, the organic layer is isolated, dried with sodium sulfate, and evaporated in 
vacuo to give 50mg of the title product (34% yield based on the resin from Example 
41). 
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Example 44 

5-(hvdrQxvmethvnthiophene-2-carba]dehyde 

To 0.5g of 2.5 thiophene dicarbaldehyde (3.57mmol) in 25mL EtOH is added 
Immol (38 mg) sodium borohydride. The soln is stirred for 2 hours, monitoring by 
TLC using 50/50 hexane/ethyl acetate. The reaction is quenched with lOmL water and 
extracted 3 times with lOmL dichloromethane. The organic layers are combined, dried 
over magnesium sulfate and evaporated to yield 420mg of product as a pale yellow oil 
(83% yield). 

Example 45 

5-r (methvlsulfonvnmethvnthiophene-2-carbaldehvde 

To 0.420 mg (2.95mmol) of 5-(hydroxymethyl)thiophene-2-carbaldehyde is 
added drop wise 322mg (1.19mmol) of phosphorous tribromide at -5°C. This reaction 
mixture is stirred and allowed to rise to 25°C over 1 hour. When the starting material 
is gone (monitored by TLC), the mixture is diluted with ~2mL DCM and run through . 
a short plug of silica gel using 100% hexane followed by 90/10 (hexane/ethyl acetate). 
The first fraction is collected and evaporated to give 360mg of a yellow/green oil, 
which is used without further purification. 

To 120mg of the crude 5- bromomethyl-2-thiophenecarbaldehyde in lOmL 
dichloroethane is added 120mg of sodium methyl thiosulfinate. The reaction is heated 
to 80°C under argon overnight (-16 hours). The reaction is cooled to 25°C and 
washed with 30mL H2O and extracted with three lOmL portions of dichloroethane. 
The combined organic phases are dried over magnesium sulfate, evaporated, dissolved 
in 20% ethyl acetate/80% hexane, filtered through silica, and evaporated to give 42mg 
of the title product (21% based on 5-(hydroxymethyl)thiophene-2-carbaldehyde). 
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Example 46 

5-(4.4.5.5-tetramethyl-13.2-dioxaborolan-2-yDfuran-2-carbaldehvde 

2.38g (13.6rninol) 5-bromothiophene-2-carbaIdehyde, S.llg (12.2minol) of 
4,4,5,5-tetramethyl-2-(4,4,5,5-tetramelJiyl(13,2-dioxaborolan-2-^ 
5 dioxaborolane, 3.6g (36.7minol) of potassium acetate and 0.33g (0.404mmol) of 

[l,rbis(diphenylphosphiiio)-ferrocene]dichloropalladium (II) are combined in 80mL of 
DMF and heated under argon with stirring at 75°C for 18 hoxirs. After cooling to 
25 °C, the solution is filtered, stripped of the solvent in vacuo and dissolved in 136niL 
ethoxyethanol to yield a 0. IM solution of the title compound. The crude product is 
10 stored at -20 ^'C and used without purification for the subsequent steps. 

Example 47 

5-r4-(phenvlmethoxy^phenyl]furan-2-carbaldehyde 

5mL (0.5mmol) of the product from Example 46 in ethoxyethanol, 132mg 
(O.Snraiol) of 4-benzyloxyphenyl bromide, lO.Smg (O.OlSmmol) 
15 dichlorobis(triphenylphosphine)palladium(II), and 0.75mL of a 2M aqueous solution of 

potassium carbonate (l.Smmol) are combined, degassed with argon, and heated to 
lOO'^C for 18 hours under argon. The reaction mixture is cooled to 25 °C, stripped of 
solvent and purified using silica gel chromatography with ethyl acetate/hexane as the 
eluant to yield 47mg (34%) of the title compound. 

20 Example 4R 

3-cvclopentvl-N-r4-oxo-2-thioxori,3-thiazolidin-3-yn)propanamide 

A solution of 262mg (immol) triphenylphosphine in dichloromethane (O.SmL) is 
cooled to and a solution of 133. 5mg (Immol) of N-chlorosuccinimide in O.SmL 
dichloromethane is added dropwise with stirring. The solution is allowed to warm to 

25 25 °C and 142mg (Immol) of 3-cyclopentylpropionic acid in 0.5mL dichloromethane is 

added dropwise. The mixture is cooled to 0°C and N-amino rhodanine (148mg, 
2mmol) dissolved in 2mL of THE is added. The reaction mixture is stirred for 18 
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hours while allowing it to warm to 25 °C. The solvent is evaporated, the residue is 
dissolved in ether, filtered, and washed twice with aqueous potassium carbonate. The 
ether layer is dried with magnesium sulfate, filtered, stripped of solvent and partially 
purified on silica gel using hexane/ethyl acetate to yield 230mg of crude product, 
containing 40% triphenylphosphine oxide. The product is used for subsequent steps 
without further purification. 

Example 49 

N-(4-oxo-2-thioxon.3-thiazolidin-3-yD'»hexanamide 

Hexanoic acid and N-amino rhodanine are combined using the procedure in 
Example 48 to form the title compound. 

Example 50 

N-(4-oxo-2-thioxofl.3"thiazolidin-3-yD)cyclohexanecarboxamide 

Cyclohexanecarboxylic acid and N-amino rhodanine are combined using the 
procedure in Example 48 to form the title compound. 

Example 5 1 

N->(4-oxo-2-thioxo(l ■3-thiazoli din-3-ynV4-methyl benzamide 

4-Methylbenzoic acid and N-amino rhodanine are combined using the procedure 
in Example 48 to form the title compound. 

Example 52 

5-r4-(phenvlmethvlthio)phenynfuran-2-carbaldehyde 



4-(phenylmethylthio)bromobenzene and the product from Example 46 are 
combined according to the procedure in Example 47 to form the title compound. 
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Example 53 

5-r3-phenylphenyl1furan-2-carbaldehyde 

3~Bromobiphenyl and the product from Example 46 are combined according to 
the procedure in Example 47 to forai the title compound. 

Example 54 

S-Q-acetamidophenyPfiiran-l-carbaldehyde 

2-Acetamidophenylboronic acid and 5-bromofuraldehyde are combined 
according to the procedure in Example 47 to form the title compound. 

Example 55 

S-Cyanothiophene-l-carboxaldehyde 

2,5-thiophenedicarboxaldehyde (541mg, 3.86mmol) and hydroxylamine 
hydrochloride (402.34mg, 5.789mmol) are dissolved in 12mL of 1:1 pyridine/ 1-butanol 
and heated to 90°C for 28 hours. The solvent is removed by warming under a stream 
of argon followed by high vacuum. The crude product is diluted to a volume of 4mL 
with dimethylacetamide to produce a solution containing 0.48mol/liter of the title 
compound. This solution is used without purification in subsequent steps. 

Example 56 

(5--formyl~2-thienyDmethylamine 

To Ig (O.Smmole of aldehyde) of the product from Example 41 (5-'[4-({[2-(5- 
formyl-2-thienyl)-l,3-dioxolan-4-yl]methoxy}methyl) polystyrene) is added trimethyl 
orthoformate containing 2 % acetic acid (the minimum volume sufficient to allow 
stirring of the slurry). Ammonium acetate (231 mg, 3mmol) is then added and the 
mixture is stirred for 20 nunutes at 25''C. Sodium cyanoborohydride (188.5mg, 
3mmol) is added and the mixture is and stirred at 25° C in a sealed vial for 18 hours. 
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The resin is washed 2 times with 15mL of trimethylorthoformate, 3 times with 15ml. 
of pyridine, 3 times with 15niL of D^F, 3 times with 15mL of dichloromethane, 3 
times with 15xuL of MEOH, 2 times with ISraJL of dichloromethane, 3 times with 
15mL of MeOH and dried in vacuo. The resin is treated with Dioxane/IM HCl (cone.) 
(1/1) for 48 hours, then diluted with H2O, filtered and extracted with DCM (15mL x 3). 
The filtrates are combined and neutralized with potassium hydrogen carbonate. The 
organic layer is isolated, dried with sodium sulfate, and evaporated in vacuo to give the 
title product 



Example 57 

3-(4-chlQr ophenethvn--5-r(5-methvl-2-furvnmethvlene1-2-thioxo-1.3-thiazQlan-4>one 
Commercially available compound. 

Example 58 

Methvl 3-l5-rf3-ethvl-4 -oxo-2-thioxori.3^thiazQlidin-5-vlidene)^methv]ir2-furvn}-4- 
methvlthiophene-2-carboxylate 

Methyl (3-(5-formylfuryl)-4-methyl)thiophene-2-carboxylate and N- 
ethylrhodanine are combined to yield the title compound using the procedure in 
Example 4, with the exception that, if necessary to dissolve the precursors, additional 
solvent is added (1:1 acetic acid/dimethylacetamide containing 0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95% acetonitrile in water containing 0.1% trifluoroacetic 
acid. 
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Example 59 

5-f(2EV3-r2-ftirvnprop-2-enyIideneV3-(2-furvlmethvIV2-thiox 



3-(2-Furyl)prop-l-ene-3-al and N-(2~furylmethyl)rhodaniiie are combined to 
yield the title compound using the procedure in Example 4, with the exception that, if 
necessary to dissolve the precursors, additional solvent is added (1:1 acetic 
acid/dimethylacetamide containing 0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95% acetonitrile in water containing 0.1% trifluoroacetic 
acid. 



Example 60 

5-r(2EV3 -(2-methQxyphenyDprop-2-enylideneV3-prop-2-enyl-2-thioxo-1.3-thiazolidin- 
4-Q|ie 

3-(2-Methoxyphenyl)prop-l-ene-3-al and N-allylrhodanine are combined to yield 
the title compound using the procedure in Example 4, with the exception that, if 
necessary to dissolve the precursors, additional solvent is added (1:1 acetic 
acid/dimethylacetamide containing 0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95% acetonitrile in water containing 0.1 % trifluoroacetic 
acid. 
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Example 61 

Methvl 3-l5-rr4-oxo-3-prop-2-enyl-2-thioxo-1.3-thiazolidin-5-vlidene)met^^ 
fury l}thiophene-2-carboxy late 

Methyl (3-(5-formylfuryl)thiophene-2-carboxylate and N-allylrhodanine are 
5 combined to yield the title compound using the procedure in Example 4, with the 

exception that, if necessary to dissolve the precursors, additional solvent is added (1:1 
acetic acid/dimethylacetamide containing 0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95% acetonitrile in water containing 0.1% trifluoroacetic 
10 acid. 



Example 62 

54(2E)>3-(2-nitrophenvnDroD-2-envlidene1-3-prop-2-envl-2-thio xo-1.3-thiazolidin-^^^ 

3-(2-Nitrophenyl)prop-l-erie-3-al and N-allylrhodanine are combined to yield 
the title compound using the procedure in Example 4, with the exception that, if 
15 necessary to dissolve the precursors, additional solvent is added (1:1 acetic 

acid/dimethylacetamide containing 0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95% acetonitrile in water containing 0.1% trifluoroacetic 
acid. 
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Example 6!^ 

5-(r5-(2-ch1orophenvl K2-furvnimethvlene}-3-prop-2-envl-2-thioxo^l.3-t^ 
one 

5-(2-chlorophenyl)furan-2-carbaldehyde and N-allylrhodanine are combined to 
5 yield the title compound using the procedure in Example 4, with the exception that, if 

necessary to dissolve the precursors, additional solvent is added (1:1 acetic 
acid/dimethylacetamide containing 0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95% acetonitrile in water containing 0.1 % trifluoroacetic 
10 acid. 



Example 64 

5-{r5-(3-chlorophenvn(2-furvnimethvleneV3-prop-2-en vl-2-thioxo-K3-thiazo1^ 
one 

5-(3-chlorophenyl)-furan-2-carbaldehyde and N-allylrhodanine are combined to 
15 yield the title compound using the procedure in Example 4, with the exception that, if 

necessary to dissolve the precursors, additional solvent is added (1:1 acetic 
acid/dimethylacetamide containing 0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95% acetonitrile in water containing 0.1 % trifluoroacetic 
20 acid. 
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Example 65 

.5-(|542-nitro-4-arifluoromethvnphejivlia--furvn}methvleneV3-pm^ 
1 .3-thiazolidin-4-one 

5-(4-trifluoromethyl-2-mtrophenyl)-furan-2-carbaldehyde and N-allylrhodanine 
5 are combined to yield the title compound using the procedure in Example 4, with the 

exception that, if necessary to dissolve the precursors, additional solvent is added (1:1 
acetic acid/dimethylacetamide containing 0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95% acetonitrile in water containing 0.1% trifluoroacetic 
10 acid. 



Example 66 

Methvl 3-{5 -rf4-oxo>-2-thioxo-1.3-thiazolidin>5-vlidene>methvn-2-furvlkhiophene-2~ 
carboxylate 

Methyl (3-(5-formylftiryl)thiophene-2-carboxylate and rhodanine are combined 
15 to yield the title compound using the procedure in Example 4, with the exception that, 

if necessary to dissolve the precursors, additional solvent is added (1:1 acetic 
acid/dimethylacetamide containing 0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95% acetonitrile in water containing 0.1 % trifluoroacetic 
20 acid. 
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Example 67 

Ethvl 2-(5-{[5-(2-chlorophenvlV2-furvnimethylene}-4-oxo-2-thioxo-1.3-thiazoU 
yPacetate 

5-(2-Chlorophenyl)-furan-2-carbaldehyde and ethyl 2-(4-oxo-2-thioxo-l,3- 
5 thiazolidin-3-yl) acetate are combined to yield the title compound using the procedure 

in Example 4, with the exception that, if necessary to dissolve the precursors, 
additional solvent is added (1:1 acetic acid/dimethylacetamide containing 0.5M sodium 
acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
10 out using a gradient from 5 to 95 % acetonitrile in water containing 0.1% trifluoroacetic 

acid. 



Example 68 

5-ff2EV3-f2- furvn-2-phenvlprop-2>envlideneV3- prop-2-envl-2-thioxo-1.3-thiazolidin-4- 
one 

15 2-Phenyl-3-(2-furyl)-propenal and N-allylrhodanine are combined to yield the 

title compound using the procedure in Example 4, with the exception that, if necessary 
to dissolve the precursors, additional solvent is added (1:1 acetic 
acid/dimethylacetamide containing 0.5M sodixim acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 

20 out using a gradient from 5 to 95% acetonitrile in water containing 0.1 % trifluoroacetic 

acid. 
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Example 69 

5-(Ben2ord1furan-2-vl methvIeneV3-prop-2-envl-2-thioxo-1.3-thia7.nl^ 

Benzo[d]faran-2-carbaldehyde and N-allylrhodanine are combined to yield the 
title compound using the procedure in Example 4, with the exception that, if necessary 
5 to dissolve the precursors, additional solvent is added (1:1 acetic 

acid/dimethylacetamide containing 0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95% acetonitrile in water containing 0.1 % trifluoroacetic 
acid. 



10 Example 70 

5-U5-a,5-dichlorophen vlV2-furvn]methvlene}-3-ethvl-2-thioxo-1.3-thiazolidin-4-one 

5-(2,5-dichlorophenyl)-furan-2-carbaldehyde and N-ethylrhodanine are 
combined to yield the title compound using the procedure in Example 4, with the 
exception that, if necessary to dissolve the precursors, additional solvent is added (1:1 
15 acetic acid/dimethylacetamide containing 0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95% acetonitrile in water containing 0.1% trifluoroacetic 
acid. 
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Example 71 

5-(r5-(2,4-Dichlorophen vlK2~furvnimethvlene}-3-ethvl-2-thiQxo>1 ,'^-thiazolidin-4-one 

5-(2,4-dichlorophenyl)-furan-2-carbaldehyde and N-ethylrhodanine are 
combined to yield the title compound using the procedure in Example 4, with the 
5 exception that, if necessary to dissolve the precursors, additional solvent is added (1:1 

acetic acid/dimethylacetamide containing 0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95% acetonitrile in water containing 0.1% trifluoroacetic 
acid. 



10 Example 72 

3-Ethvl-5-rr5-methvlf2-thienvn>methvlene1-2-thiQXQ-1.3-thia2Qlidin-4>nne 

5-methylthiophene-2-carbaldehyde and N-ethylrhodanine are combined to yield 
the title compound using the procedure in Example 4, with the exception that, if 
necessary to dissolve the precursors, additional solvent is added (1:1 acetic 
15 acid/dimethylacetamide containing 0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95% acetonitrile in water containing 0.1% trifluoroacetic 
acid. 
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Example 1?^ 

l5-rf3~Ethv1-4-o xo-2-thioxo-1.3-thiazolidin-5-vlidene)methvl1--2-furvl}m acetate 



5-(acetoxymethyl)furan-2-carbaldehyde and N-ethylrhodanine are combined to 
yield the title compound using the procedure in Example 4, with the exception that, if 
necessary to dissolve the precursors, additional solvent is added (1:1 acetic 
acid/dimethylacetamide containing 0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95% acetonitrile in water containing 0,1 % trifluoroacetic 
acid. 



Example 74 

5-(r5-f4-chlorophenv1 thioV2--fiirvnimethvlene}-3--ethvl-2-thioxo--1.3-thiazolidin-4-one 

5-(4-chlorophenylthiofuran-2-carbaldehyde and N-ethylrhodanine are combined 
to yield the title compound using the procedure in Example 4, with the exception that, 
if necessary to dissolve the precursors, additional solvent is added (1:1 acetic 
acid/dimethylacetamide containing 0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95% acetonitrile in water containing 0.1 % trifluoroacetic 
acid. 
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Example 15 

N-( 5-{ r5-(2-nitrophenvnr2-furvl)1methvlene V4-oxQ-2-thiQxo- 1 . 3~rhiazolidin-3- 
vDacetamide 



5-(2-iiitrophenyl)faran"2-carbaldehyde and N-(acetylainmo)rhodaniiie are 
combined to yield the title compound using the procedure in Example 4, with the 
exception that, if necessary to dissolve the precursors, additional solvent is added (1:1 
acetic acid/dimethylacetamide containing 0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95% acetonitrile in water containing 0.1 % trifluoroacetic 
acid. 



Example 76 

5-(f2EV3- (2-furvnprop-2-enylideneV3-methvl-2-thioxo-1.3-thia2olidin-4-one 

3--(2-furyl)propenal and N-methylrhodanine are combined to yield the title 
compound using the procedure in Example 4, with the exception that, if necessary to 
dissolve the precursors, additional solvent is added (1:1 acetic acid/dimethylacetamide 
containing 0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95% acetonitrile in water containing 0.1 % trifluoroacetic 
acid. 
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Example 77 

3-methvl-5-rf5-methyl(2-thienvn^methvlene1-2-thioxo-1.3-thia^^ 



5-methylthiophene-2>carbaldehyde and N-methylrhodanine are combined to 
yield the title compound using the procedure in Example 4, with the exception that, if 
necessary to dissolve the precursors, additional solvent is added (1:1 acetic 
acid/dimethylacetamide containing 0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95% acetonitrile in water containing 0. 1 % trifluoroacetic 
acid. 



Example 78 

5zi[5H[2:lnf^^ 

4-one 

5-(2-trifluoromethylphenyl)furan-2-carbaldehyde and N-methylrhodanine are 
combined to yield the title compound using the procedure in Example 4, with the 
exception that, if necessary to dissolve the precursors, additional solvent is added (1:1 
acetic acid/dimethylacetamide containing 0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95% acetonitrile in water containing 0.1 % trifluoroacetic 
acid. 
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Example 79 

5-{r5-f2-chlQrophenylV2~fui^D1methylene}-3-methyI-2-thioxo-1.3-^^ 



5-(2-chlorophenyl) furan-2-carbaldehyde and N-methylrhodanine are combined 
to yield the title compound using the procedure in Example 4, with the exception that, 
if necessary to dissolve the precursors, additional solvent is added (1:1 acetic 
acid/dimethylacetamide containing 0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95% acetonitrile in water containing 0.1 % trifluoroacetic 
acid. 



Example 80 

3-methvl-5-r(5-f2-thienvnf2-thienvn^methvlene1-2-thioxo-1.3-thiazolidiTi-4-one 

5-thiophenylthiophene-2-carbaldehyde and N-methylrhodanine are combined to 
yield the title compound using the procedure in Example 4, with the exception that, if 
necessary to dissolve the precursors, additional solvent is added (1:1 acetic 
acid/dimethylacetamide containing 0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95% acetonitrile in water containing 0.1 % trifluoroacetic 
acid. 
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Example 81 

N-r4-oxo-5-f{5-r4-(phenylmethoxy)phenyl1f2-fiiryn}m 

thiazolidin-3-yl1hexanamide 

The product from Example 47 and the product from Example 49 are combined 
5 to yield the title compound using the procedure in Example 4, with the exception that, 

if necessary to dissolve the precursors, additional solvent is added (1:1 acetic 
acid/dimethylacetamide containing 0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95% acetonitrile in water containing 0.1 % trifluoroacetic 
10 acid. 



Example 82 

Cvclohexvl-N-f5--{r5-f3-nitrophenynf2-furynimethvlene}-4-oxo-2-thioxQa.3- 
thia2olidin-3-yn'>carboxamide 

The product from Example 50 and 5-(3-nitrophenyl)furan-2-carbaldehyde are 
15 combined to yield the title compound using the procedure in Example 4, with the 

exception that, if necessary to dissolve the precursors, additional solvent is added (1:1 
acetic acid/dimethylacetamide containing 0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95% acetonitrile in water containing 0.1% trifluoroacetic 
20 acid. 
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Example 83 

3- ethvl~5-({5-f4-(phenylmethoxy)phenvl1(2-furyD}methvleneV2-^^ 

4- one 

The product from Example 47 and N-ethylrhodanine are combined to yield the 
title compound using the procedure in Example 4, with the exception that, if necessary 
to dissolve the precursors, additional solvent is added (1:1 acetic 
acid/dimethylacetamide containing 0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95% acetonitrile in water containing 0.1% trifluoroacetic 
acid. 



Example §4 

cvclohexyl-N-|'4-oxo-5-({5-r4-(phenylmethylthio)phenyl1f2-furyn}methyleneV2- 
thioxofl.3-thiazQlidin-3-yDlcarboxamide 

The product from Example 50 and the product from Example 52 are combined 
to yield the title compound using the procedure in Example 4, with the exception that, 
if necessary to dissolve the precursors, additional solvent is added (1:1 acetic 
acid/dimethylacetamide containing 0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95% acetonitrile in water containing 0.1 % trifluoroacetic 
acid. 
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Example 85 

5-r(3-ethvl-4-oxo-2-thioxo- l3-thiazolidin-5-vlidene)methvl1thiQphene-2-carbald^ 

2,5-thiophenedicarboxaldehyde (283 mg, 2.02mmol) and 3.03inL of a IM 
solution of 3-ethylrhodanine are combined in 1 : 1 dimethylacetamide/acetic acid 
containing 0.5M sodium acetate, and stirred under argon for 16 hours at 70°C. Water 
(200mL) and diethyl ether (200mL) are added, and the phases separated. Extracted the 
aqueous phase with 2 x lOOmL ether, combined all organic phases, and extracted the 
organic phases with 3 x lOOmL water and 1 x lOOmL saturated aqueous sodium 
chloride. The organic layer is dried with magnesium sulfate, filtered and stripped of 
solvent to yield the title compound. 



Example 86 

5-r(3-Tnethvl-4-oxo-2-thioxo-L3-thiazolidin-5-v lidene^methynthiophene^2-carbaldehvde 

Combined 2,5-thiophenedicarboxaldehyde (69.1mg, 0.49mmol) and a 0.74mL 
of a IM solution of 3-ethylrhodanine in 1:1 dimethylacetamide/acetic acid containing 
0.5M sodium acetate. Stirred under argon for 19 hours at 85°C. Cooled to 25°C, 
added lOOmL of water, filtered and washed the residue with 200mL water and dried in 
vacuo. The crude product is dissolved in DMSO and filtered- to yield the title 
compound as a solution in DMSO. 
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Example 87 

Methvlethyl 6-{5"r(5-methylQ-fiirvn)methylene1-4-oxo-2-thioxo-1.3-thiazolid 
yl}hexanQate 

Methylethyl 6-{4-oxo-2-thioxo-l,3-thiazolidin-3-yl}hexanoate and 5- 
5 inethylfuran-2-carbaldehyde are combined to yield the title compound using the 

procedure in Example 4, with the exception that, if necessary to dissolve the 
precursors, additional solvent is added (1:1 acetic acid/dimethylacetamide containing 
0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
10 out using a gradient from 5 to 95% acetonitrile in water containing 0.1% trifluoroacetic 

acid. 



Example 88 

5-rr2EV3-f2-furvnprop-2-enylideneV3-r2-(3.4-dimethoxyphenvnethvl1-2-thioxo-1.3- 
thiazolidin-4-one 

15 3-[2-(3,4-dimethoxyphenyl)ethyl]-2-thioxo-l,3-thiazolidin-4-one and 3-(2- 

faryl)propenal are combined to yield the title compound using the procedure in 
Example 4, with the exception that, if necessary to dissolve the precursors, additional 
solvent is added (1:1 acetic acid/dimethylacetamide containing 0.5M sodiimi acetate). 
Optionally, purification with reverse phase HPLC on octadecylsilica is carried 

20 out using a gradient from 5 to 95% acetonitrile in water containing 0.1% trifluoroacetic 

acid. 
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Example 89 

3-r2-G.4-dimethoxvphenvnethvlV54(5-methvl(2-furvn)meth^^ 
thiazolidin-4-one 

3-[2-(3,4-dimethoxyphenyl)ethyl]-2-thioxo-l,3-thiazolid^^ and 5- 

5 methylfiiran-2-carbaldehyde are combined to yield the title compound using the 

procedure in Example 4, with the exception that, if necessary to dissolve the 
precursors, additional solvent is added (1:1 acetic acid/dimethylacetamide containing 
0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
10 out using a gradient from 5 to 95% acetonitrile in water containing 0.1% trifluoroacetic 

acid. 

Example 90 

5-{r5--r5--chloro-2-methvlphenvnf2-furvmmethv] ene}-3-prop-2-envl-2-thioxo-1.3- 
thiazolidin-4-one 

15 Commercially available compound. 

Example 91 

3-prop-2-envl-2-thioxo-5-f{5-r3-rtrifluoromethvnphenvlK2-furvn}methvleneV13-- 
thiazolidin-4-one 



Commercially available compound. 
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Example 92 

3-l5-rr4-oxo>3-prop-2-envl-2-thioxo-l3-thiazolidin-5-ylidene')methvl1-2-fa 
acid 



Commercially available compound. 

5 Example 93 

5-lr5-f2-chlorophenvlV2 -furvnimethvlene}-3-(oxolan-2-vlmethvlV2-thioxo-l^ 
thiazolidiii"4-one 

Commercially available compound. 
Example 94 

10 3-r3-methoxvpropvlV5-{r5-f2-nitrophenylV2-furynimethylene}-2-thioxo-1.3-^^^ 
4-one 

Commercially available compound. 
Example 95 

5'rG-methvl-4-oxo-2-thioxo-L3-thiazolidin-5"ylidene'^methyl1thiophene-2-carboni^^^^ 
15 N-methylrhodanine (94 mg, 0.64mmol) is combined with 1.33inL of the product from 

Example 55 (containing 0.64mmol of 5-Cyanothiophene--2-carboxaldehyde^ and 1- 
methylpiperazine (0.02mL, O.lSmmol) and heated at 75 degrees for 38. hours under 
argon while stirring. The product is precipitated with 50mL water, washed with 
120mL water and 20mL diethyl ether, and dried in vacuo. Yield: 93 mg, 54%. 
20 Optionally, further purification is carried out with reverse phase HPLC on 

octadecylsilica is carried out using a gradient from 5 to 95 % acetonitrile in water 
containing 0.1% trifluoroacetic acid. 
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Example 96 

3-ethvl-5-{r5-rhydroxymethyn(2-thienyD1methvlene}-2-thi^^ 

The product from Example 44 and N-ethylrhodanine are combined to yield the 
title compound using the procedure in Example 4, with the exception that, if necessary 
to dissolve the precursors, additional solvent is added (1:1 acetic 
acid/dimethylacetamide containing 0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95% acetonitrile in water containing 0.1% trifluoroacetic 
acid. 

Example 97 

3-ethvl-5-({5-f r methylsulfony Dmethyl] f 2-thienyD }methy leneV2-thioxo- 1 . 3-thiazolidin-4- 
one 

The product from Example 45 and N-ethylrhodanine are combined using the 
procedure in Example 99 to produce the title compound. 

Example 98 

2-{5-rf3-methyl-4 -oxo-2-thioxo-1.3-thiazQlidin-5-vli dene^methvn-2-thieny l}acetic acid 



The product from Example 42 and N-methylrhodanine are combined using the 
procedure in Example 99 to produce the title compound. 
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Example 99 

2- {5-[f3-ethvl~4-oxo-2-thioxQ-13-thiazoIidin-5-ylidene)methvlV2-thienvl}acet^ acid 

The product from Example 42 (21mg, 0.12mmol), N-ethylrhodanine (125mg, 
0.77mL), l-methylpiperazine (0.02mL, 0.179695mL) and 2-ethoxyethanol (2mL) are 
stirred together under argon for 14 hours at lO^'C. After removing solvent, ImL EtOH 
is added and the product is eluted through a short silica gel column with hexane. The 
solvent is stripped in vacuo and the product is purified with reverse phase HPLC on 
octadecylsilica is carried out using a gradient from 5 to 95 % acetonitrile in water 
containing 0.1% trifluoroacetic acid. 

Example 100 

3- (prop-2-enylV5-f(methylsulfonvDmethynf2-thienyDmethvlene-2-thioxo--l-3- 
thiazolidin-4-one 

The product from Example 45 and N-allylrhodanine are combined using the 
procedure in Example 99 to produce the title compound. 

Example 101 

N-({5-r(3-ethvl-4-oxo-2-thioxo-1.3-thiazolidin-5-ylidene^methvn-2- 
thienyl}methyDacetamide 

The product from Example 43 and N-ethylrhodanine are combined to yield the 
title compound using the procedure in" Example 4, with the exception that, if necessary 
to dissolve the precursors, additional solvent is added (1:1 acetic 
acid/dimethylacetamide containing 0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95% acetonitrile in water containing 0.1% trifluoroacetic 
acid. 
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Example 102 

5-{r5-(aminomethylV2-thienvnimethvlene>-3-ethyl-2-thioxo-13-thiazol^ 

The product from Example 56 and N-ethylrhodanine are combined to yield the 
title compound using the procedure in Example 4, with the exception that, if necessary 
5 to dissolve the precursors, additional solvent is added (1:1 acetic 

acid/dimethylacetamide containing 0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95% acetonitrile in water containing 0.1% trifluoroacetic 
acid. 

10 Example 103 

3-ethvl-5-{r5-(fhvdroxviminQ^methvlV2-thienvni methvlene}-2-thioxo-1.3-thiazolidin-4- 

one 

The product from Example 85 (58.1mg, 0.21mmol) is combined with 
hydroxylamine hydrochloride (63.2mg, 0.91mmol) in pyridine (ImL) and stirred under 
15 argon at 25 °C for 48 hours. 125mL water and 75mL hexanes are added and filtered. 

The residue is dried in vacuo to yield 34mg (56%) of the title compound as a mixture 
of E and Z isomers. 

Example 104 

3-methvl-5-({5-f(methyLsulfonvnmethvn(2-thienvn}methvleneV2-thi oxQ-1.3-thiazQlidin> 
20 4-one 



The product from Example 45 and N-methylrhodanine are combined using the 
procedure in Example 99 to produce the title compound. 
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Example 105 

3-ethvl-5-r(5-r2-thienyn(2-thienyl))methylenel-2-thioxo-13-thi^^ 

5-(2-thienyl)t±Liophene-2-carbaldehyde and N-ethylrhodanine are combined to 
yield the title compound using the procedure in Example 4, with the exception that, if 
necessary to dissolve the precursors, additional solvent is added (1:1 acetic 
acid/dimethylacetamide containing 0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95 % acetonitrile in water containing 0.1% trifluoroacetic 
acid. 



Example 106 

3-prop-2-envl-5-r(5-f2-thienylK2-thienyD)methyleneV2-thioxo-1.3-thia2Qlidin-4-one 

5-(2-thienyl)thiophene-2-carbaldehyde and N-allylrhodanine are combined using 
the protocol in Example 4, with the exception that, if necessary to dissolve the 
precursors, additional solvent is added (1:1 acetic acid/dimethylacetamide containing 
0.5M sodium acetate)to yield the title compound. 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95% acetonitrile in water containing 0.1 % trifluoroacetic 
acid. 
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Example 107 

5-rG-methyl-4-oxQ-2-thioxo-1.3-thiazolidin-5-ylidene)methvl1thiophene-2-c^^ 



The product of Example 55 and N-methylrhodanine were combined to yield the 
title compound using the procedure in Example 4, with the exception that, if necessary 
to dissolve the precursors, additional solvent is added (1:1 acetic 
acid/dimethylacetamide containing 0.5M sodium acetate). 

Optionally, purification with reverse phase HPLC on octadecylsilica is carried 
out using a gradient from 5 to 95% acetonitrile in water containing 0.1% trifluoroacetic 
acid. 



Example 108 

5-r(3-ethvl-4-oxo-2-thioxo- 1 . 3-thiazolidin-5-ylidene>met hvn thiophe ne-2-carbonitrile 

N-ethylrhodanine (94 mg, 0.64mmol) is combined with 1.33mL of the product 
from Example 55 (containing 0.64mmol of 5-Cyanothiophene-2-carboxaldehyde) and 1- 
methylpiperazine (0,02mL, O.lSmmol) and heated at 75°C for 38 hours. The product 
is precipitated with 50mL water, washed with 120mL water and 20mL diethyl ether, 
and dried in vacuo. Yield: 52 mg, 29%. 

Optionally, further purification is carried out with reverse phase HPLC on 
octadecylsilica is carried out using a gradient from 5 to 95 % acetonitrile in water 
containing 0.1% trifluoroacetic acid. 
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Example 109 

5-r(4-oxo-3-prop-2-en yl-2-thioxo-13.-thiazolidin--5-vlidene^methvnth^^ 
carbonitrile 

N-allylrhodanine (lllmg, 0.61mmol) is combined with 1.33inL of the product 
5 from Example 55 (containing 0.64mmol of 5-Cyanothiophene-2-carboxaldehyde) and 

l-methylpiperazine (0.02mL, O.lSmmol) and heated at 75°C for 38 hours. The 
product is combined with ether and water (50mL each) and the water layer is extracted 
with two additional portions of ether. The organic phases are combined and washed 
with dilute hydrochloric acid, water and saturated aqueous sodium chloride, dried over 
10 magnesium sulfate, filtered and stripped of solvent. 

Optionally, further purification is carried out with reverse phase HPLC on 
octadecylsilica is carried out using a gradient from 5 to 95 % acetonitrile in water 
containing 0.1 % trifluoroacetic acid 



Example 110 

15 3~cvclope ntvl-N-r4-oxo-5-r{5-[4>(phenylmethoxv^phenvnr2-furvn)methvleneV2- 
thioxofl.3-thiazQlidin-3-yD1propanamide 

The product from Example 47 and the product from Example 48 are combined 
to yield the title compound using the procedure in Example 4, with the exception that, 
if necessary to dissolve the precursors, additional solvent is added (1:1 acetic 
20 acid/dimethylacetamide containing 0.5M sodium acetate), and instead of precipitation, 

purification with reverse phase HPLC on octadecylsilica is carried out using a gradient 
from 5 to 95% acetonitrile in water containing 0.1% trifluoroacetic acid. 
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Example 1 1 1 

(4-methvlphenvlVN-r4- oxo-5-({5-r4-fphenvlmethoxv)phenvl1(2-fuT^l^}m 
thioxon.3-thiazolidin-3-ynicarboxamide 

The product from Example 47 and the product from Example 51 are combined 
5 to yield the title compound using the procedure in Example 4, with the exception that, 

if necessary to dissolve the precursors, additional solvent is added (1:1 acetic 
acid/dimethylacetamide containing 0.5M sodium acetate), and instead of precipitation, 
purification with reverse phase HPLC on octadecylsilica is carried out using a gradient 
from 5 to 95% acetonitrile in water containing 0,1 % trifluoroacetic acid. 

10 Example 112 

3-cvclopentvl-N-r4-oxo- 5-ir5-f3-phenvlphenvnf2-furvmmethvlene}^2-thioxofK3- 
thiazolidin-3-vl>')propanamide 

The product from Example 53 and the product from Example 48 are combined 
to yield the title compound using the procedure in Example 4, with the exception that, 
15 if necessary to dissolve the precursors, additional solvent is added (1:1 acetic 

acid/dimethylacetamide containing 0.5M sodium acetate), and instead of precipitation, 
purification with reverse phase HPLC on octadecylsilica is carried out using a gradient 
from 5 to 95% acetonitrile in water containing 0.1 % trifluoroacetic acid. 
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Example 113 

N-l2-r5-(l2.4-dioxo-342-(phenvlcarbonvIamino)ethvn-1.3-thiazo]idm^ 
vIidene}inethvlV2-furvnphenyl}acetamide 

The product from Example 54 and 3-[2-(phenylcarbonylamino)ethyI]-l,3- 
5 thiazolidine-2,4-dione are combined to yield the title compound using the procedure in 

Example 4, with the exception that, if necessary to dissolve the precursors, additional 
solvent is added (1:1 acetic acid/dimethylacetamide containing 0,5M sodium acetate), 
and instead of precipitation, purification with reverse phase HPLC on octadecylsilica is 
carried out using a gradient from 5 to 95 % acetonitrile in water contaimng 0.1% 
10 trifluoroacetic acid. 

Example 114 

N-l5-rr5-na phthvK2-furvn^methyleneV4-oxo-2-thioxo-1.3-thiazolidin-3-vnhexanamide 

The product from Example 49 and 5-(l-naphthyl)furan-2-carbaldehyde are 
combined to yield the title compound using the procedure in Example 4, with the 
15 exception that, if necessary to dissolve the precursors, additional solvent is added (1:1 

acetic acid/dimethylacetamide containing 0.5M sodium acetate), and instead of 
precipitation, purification with reverse phase HPLC on octadecylsilica is carried out 
using a gradient from 5 to 95% acetonitrile in water containing 0.1 % trifluoroacetic 
acid. 
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Example 115 

cyclohexyl-N-{5-[f5-naphthyK2-fiiryD)methylene]-4-oxo-2"thi^ 
yn}carboxamide 

The product from Example 50 and 5-(l-naphthyl)furan-2-carbaldehyde are 
combined to yield the title compound using the procedure in Example 4, with the 
exception that, if necessary to dissolve the precursors, additional solvent is added (1:1 
acetic acid/dimethylacetamide containing 0.5M sodium acetate), and instead of 
precipitation, purification with reverse phase HPLC on octadecylsilica is carried out 
using a gradient from 5 to 95% acetonitrile in water containing 0. 1 % trifluoroacetic 
acid. 

Example 116 

N-f5-{r5-(aminQmethynf2-thienynimethylene}-4-ox o-2-thioxofl.3-thiazolidin-3- 
yD)cyclohexylcarboxamide 

The following Example describes the obtainment of compounds deemed useful 
according to the present invention which will then be screened in a preliminary 
TNF/TNF receptor binding assay (see Example 118): 

Example 117 

The following compounds which fall withing the scope of the present invention 
are obtained commercially from various well-known sources: 
3-phenyl-5-[(5-phenyl(2-furyl))methylene]-2-thioxo-l,3-thiazolidin-4-one, 
3-[2-(3 ,4-dimethoxyphenyl)ethyl] -5-[(2 ,3-dimethoxyphenyl)methy lene]-2-thioxo- 
1 ,3-thiazolidin-4-one, 

5-[(2E)-3-(4-methoxyphenyl)prop-2-enylidene]-3-ethyl-2-thioxo-l,3-thiazolidin-4-one, 
5-((2E)-3-phenylprop-2-enylidene)-3-ethyl-2-thioxo-l,3-thiazolidin-4-one, 
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l-(2-furylraethyl)-2-methylthio-4-[(5-nitro(2-thienyl))methylene]-2-imidazolm-5-one, 
5-[(2,3-dimethoxyphenyI)methylene]-3-ethyl-2-thioxo-l,3-thiazolidm-4-one, 
5-[(4-methylphenyI)amiiio]-3-phenyl-2-thioxo-l,3-tliiazoIidm-4-one, 
5-(indan-5-y Imethy lene)-3 -prop-2-enyl-2-thioxo- 1 , 3 -thiazolidiB-4-one, 

3-ethyl-5-[(2-hydroxy-3-methoxyphenyl)methylene]-2-thioxo-l,3-thiazolidm-4-one, 
5-[(2-cyclohexylthiophenyl)methylene3-3-benzyl-2-diioxo-l,3-thiazolidm-4-one, 
5-{[2-(2-furylmethylthio)-5-nitrophenyl]methylene}-3-benzyl-2-thioxo- 
1 ,3-tluazolidm-4-one, 

1- [2-(3-chlorophenoxy)ethyl]-2-methylthio-4-[(4-nitrophenyl)methylene]- 

2- iinidazolin-5-one , 

l-(2-furylmethyI)-4-[(2-hydroxyphenyl)methylene]-2-methyllJiio-2-iimdazoiiii-5-one, 
5-[(5-methyl(2-furyl))methylene]-3-phenyl-l,3-thiazolidine-2,4-dione, 

3- ethyl-5-(2-furylmefliylene)-2-thioxo-l,3-thiazolidin-4-one, 

3-(4-cmorophenethyl)-5-[(5-methyl-2-furyl)methylene]-2-thioxo-l,3-thiazolaii-4-one, 

5-{[5-(5-chloro-2-methyIphenyl)(2-furyl)]methylene}-3-prop-2-enyl-2-thioxo-l,3- 
thiazolidin-4-one , 

3-prop-2-enyl-2-thioxo-5-({5-[3-(trifluoromethyl)phenyl](2-furyl)}methylene)-l,3- 
thiazolidin-4-one, 

3-{5-[(4-oxo-3-prop-2-enyl-2-thioxo-l,3-thiazolidin-5-ylidene)methyi]-2-furyl}benzoic 
acid, 

5-{[5-(2-chlorophenyl)(2-furyl)]methylene}-3-(oxolan-2-ylmethyl)-2-thioxo-l,3- 
thiazolidin-4-one , 

3- (3-methoxypropyl)-5-{[5-(2-mtrophenyl)(2-furyl)]methylene}-2-thioxo-l,3-thiazolidiB- 

4- one 

These compound are screened in a preliminary TNF/TNF receptor binding assay (see 
Example 118) to demonstrate their suitability for use as specific inhibitors of 
TNF-dependent NF-kB activation signaled by certain members of the TNF receptor 
superfamily for the prophylaxis and treatment of inflammatory diseases. 
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Example 118 

The compounds synthesized in Examples 1-116, and those obtained as described 
in Example 117 are screened for their ability to bind to TNF receptor, in order to 
identify candidates with potential TNF inhibitory activity, generally according to the 
5 following protocol: 

Preparation of TEu^-^ITNE-a 

Eu^ "^-chelate of N^-(p-isothiocyanatobenzyl)-diethylenetrianiine-N\ N^, N^ N^- 
tetraacetic acid (DTTA; EG&G Wallac, Gathersburg, MD) is used to prepare 
[Eu^'^lTNF-a. lOO/xg lyophilized TNF-a is resuspended in 100/xl of labelmg buffer 

10 (50mM NaHCOs, pH 8.5, containing 0.9% NaCl). [Eu^^J-DTTA (50 /xg) is then 

added to TNF-a in the labeling buffer. The reaction is carried out at 4''C for 48 hours. 
The sample is then diluted 2-fold into 50mM Tris buffer (pH 7.8) containing 0.9% 
NaCl and 0.05% NaNj, and dialyzed against 1 liter 50mM Tris buffer to remove free 
Eu^^-DTTA label. The protein concentration is determined by the Bradford method 

15 (Bradford, 1976) and the specific activity is calculated using a europium standard 

solution (Wallac). 
Ligand binding assay 

The ligand binding assay is performed as follows: 96-well plates are coated 
with lOng of TNF receptor in 50mM NaHCOs (pH 9.6) overnight at 4°C. Plates are 

20 then blocked with 0.2% BSA in PBS buffer, washed once with binding buffer 

(0.2%BSA/PBS/0.1% Tween-20), and incubated with Eu^^-labeled TNF-a and the 
selected title compound from Examples 1-20 for one and a half-hours at room 
temperature. The plates are then washed three times with DELFIA Wash Solution 
(Wallac) and 100^1 of DELFIA Enhancement Solution (Wallace) is added. The plate is 

25 placed on a plate shaker for 10 min before reading using a Victor Flurometer 1420 

(Wallac). The europium counting protocol is used with a 320-nm excitation pulse at a 
frequency of 1000 s'^ and detection at 615 nm (emission wavelength). Fluorescence 
signal is measured after a delay of 400 ^tsec between each excitation pulse. Non- 
specific binding is defined using TNF-a with 500-fold excess of [Eu^"^]TNF-a. Each 

30 experimental point is carried out in duplicate. 
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Determination of Receptor Binding 

The data ligand receptor interaction data is analyzed using Prizm (GraphPad 
Software). Ligand binding data are analyzed by non-linear least-square regression. 
Saturation data are fitted to a rectangular hyperbola model and competition data are 
5 fitted to a sigmoidal curve with a variable slope. Inhibition constants (Kj) are 

determined from IC50 values using the Chang-Prusoff equation (Cheng & Pnisoff , 
1973). In analyzing the data generated ft-om testing the compounds of Examples 1-20, 
it is determined that each compound is capable of bindmg the TNF receptor Rl . Thus, 
each compound serves as a candidate for analysis in an assay of biological activity. 
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Example 119 

The compounds synthesized \n Examples 1-20 and identified in Example 116 
and 117 as being able to bind to TNF receptor are tested for their TNF inhibitory 
activity in a biological assay, generally according to the following protocol: 

5 MRC-5 cells (available as ATCC CCL-171 from the American Type Culture 

Collection) are incubated at a density of 5x10"* cells per chamber in culture medium 
(Eagle's MEM with 2mM L-glutamine and Earle's BSS adjusted to contain 1.5g/L 
sodium bicarbonate, O.lmM non-essential amino acid, l.OmM sodium pyruvate, 10% 
fetal bovine serum (PBS)) on Fisher culture slides overnight at ST^'C and 5% CO 2- 

10 The next day, the medium is removed and Earle's MEM without FBS is added 

to each chamber. O.lnM TNF-a is then added to each, as well as lOO^M of the test 
compound (negative control is no TNF-a, positive control is 0. InM TNF-a with no test 
compound added). The slides are placed in a 37° C incubator for 15 minutes. 

The chambers are washed twice with PBS. The cells are fixed by incubating in 

15 ice cold MeOH for five minutes and allowed to air dry. The cells are then washed 

three times with PBS. The specimen is incubated with 10% FBS in PBS for 20 minutes 
to suppress non-specific binding of IgG, then washed once with PBS. 

The chambers are then incubated with goat anti-human NF-kB p65 (Santa Cruz 
Biotechnology, Inc.) at 1:500 dilution in PBS with 1.5% FBS for 60 minutes. The 

20 chambers are then washed three times with PBS for 5 minutes each, and incubated for 

45 minutes in a dark chamber with fluorescein goat anti-rabbit IgG (Santa Cruz 
Biotechnology, Inc.) diluted 1:200 in PBS with 1.5% FBS, After a final wash three 
times with PBS, a cover slip is mounted with SlowFade™ AntiFade (Molecular Probes). 
In order to score the results, the chambers are examined using a fluorescence 

25 microscope with an appropriate filter. At least 500 cells are counted per chamber and 

the location of the fluorescence is noted as either nuclear only, nuclear and 
cytoplasmic, or cytoplasmic only. In accordance with this protocol, it is demonstrated 
that each of the compounds from Examples 1-20 posses TNF inhibitory activity to 
varying degrees. 
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Thus, the following new compounds are proven to be useful compounds for 
preventing or treating inflammatory diseases by inhibiting tumor necrosis factor 
activity: 

5-(5-methylfuran-2-ylmethylene)-2-thioxo-3-methyl-thiazolidin-4-one, 
5 5-(5-methylfuran-2-ylmethylene)-2-thioxo-3-allyl-thiazolidin-4-one, 
5-(thiazol-2-ylmethylene)-2-thioxo-3-allyl-thia2olidin-4-one, 
5-((3-phenoxy)thiophen-2-ylmethylene)-2-thioxo-3-ethyl-thia2olidin-4-one, 
5-(5-(2-nitrophenyl)furan-2-ylmethylene)-2-thioxo-3-ethyl-thiazolidin-4-one, 
5-(2,3,4-trimethoxy-benzylidene)-2-thioxo-3-ethyl-thiazolidin-4-one, 
10 5-(5-(2-nitrophenyl)-2-furanL2-ylmethylene)-2--thioxo-3-allyl-thiazolidin-4-one, 

5- (5-(2-nitrophenyl)-2-furaii2-ylmethylene)-thiazolidin-2,4-dione, 

6- (5-(5-(2-nitrophenyl)-2-furanylidene)-4-oxo-2-thioxo-thiazolidin-3-yl)-hexanoic acid 
isopropyl ester, 

5-(5-(2-chlorophenyl)furan-2-ylmethylene))-2-thioxo-3-ethyl-thiazolidin-4-one, 
15 5-(5-(2-trifluoromethyl)furan-2-ylmethylene))-2-thioxo-3-ethyl-tliiazolidin-4-one, 
5-(5-(2-methoxycarbonylthiophen-3-yl)furan-2-ylmethylene))-2-thioxo-3-ethyl- 
thiazolidin-4-one , 

5-(2-(furan-2-yl)eth-l-enylmethylene))-2-thioxo-3-ethyl-thiazolidin-4-one, 
5-(3-(4-methoxyphenoxy)-ben2ylidene)-2-thioxo-3-ethyl-thiazolidin-4-one, 
20 3-(2-fQrylmethyl)-5-{[5-(2-nitrophenyl)(2-furyl)]methylene}-2-thioxo- 
1 ,3-thiazolidin-4-one, 

5-(2-methyl-3-phenylprop-2-enylidene)-3-ethyl-2-thioxo-l,3-thiazolidin-4-one, 
3-ethyl-5-{[3-(phenylmethoxy)phenyl]methylene}-2-thioxo-l,3-thiazolidin-4-one, 
3-ethyl-5-{[5-(3-nitrophenyl)(2-furyl)]methylene}-2-thioxo-l,3-thiazoIidin-4-one, 
25 5-{ [3 ,5-bis(tert-butyI)-4-hydroxyphenyl]methylene}-3-methyl-2-thioxo- 

1 ,3-thiazolidin-4-onei 

5-({3-[4-(tert-butyl)phenoxy]phenyl}methylene)-3-methyl-2-thioxo- 
1 ,3-thiazolidin-4-one, 

3-ethyl-5-(l ,3-thia2ol-2-ylmethylene)-2-thioxo-l ,3-thiazolidin-4-one, 
30 5-(2-methyl-3-pheny lprop-2-enylidene)-3-methyl-2-thioxo- 1 ,3-thia2olidin-4-one, 
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3-ethyl-5-{[3-(2-hydroxyethoxy)phenyl]methylene}-2-thioxo-l,3-thia^^ 
3-methyl-5-{[3-(4-methylphenoxy)phenyl]methylene}-2-thioxo-l,3-^ 
3-methyl-5-{ [5-(3-nitrophenyl)(2-furyl)]methylene}-2-thioxo-l ^ 
5-(5-{2-nitrophenylfuran-2-ylmethylene})-2-thioxo-3-methyl^^ 
5 3-ethyl-5-{[3-(4-methylphenoxy)phenyl]methylene}-2-thioxo-13-tliiazo 
5-{[3-(4-methoxyphenoxy)phenyl]methylene}-3-methyl-2-t^^^ 
5-({3-[4-methylphenoxy]phenyl}methylene)-3-prop-2-enyl-2-thioxo- 
1 ,3-thiazolidin-4-one, 

5-{[3,5-bis(tert-butyl)-4-hydroxyphenyl]methylene}-3-ethyl-2-thiox^^ 
10 1 , 3-thiazolidin-4-one , 

5-({3-[4-methoxyphenoxy]phenyl}methylene)-3-prop-2-enyl-2-thioxo- 
1 ,3-thia2olidin~4-one, 

5-({3-[4-(tert-butyl)phenoxy]phenyl}methylene)-3-ethyl-2-thioxo-13-th^ 
3-ethyl-5-{[5-(2-trifluoromethoxyphenyl)(2-ftiryl)]methylene}-2-A^ 
15 1 , 3-thiazolidin-4-one, 

5-({3-[4-(tert-butyl)phenoxy]phenyl}methylene)-3-prop-2-enyl-2-tW 
1 ,3-thiazolidin-4-one, 

5-({2,5-dime1iiyl-l-[3-(trifluoromethyl)phenyl]pyrrol-3-yl}methylene 
1 ,3-thiazolidin-4~one, 
20 3-(3-hydroxyphenyl)-5-{[5-(2-nitrophenyl)(2-furyl)]methylene}-2-&^^ 
1 ,3-thiazolidin-4-one, 

3-(4-etlioxyphenyl)-5-{[5-(2-nitrophenyl)(2-furyl)]methylene}-2-thioxo- 
1 ,3-thiazolidin-4-one, 

5-{[3,5-bis(phenylmethoxy)phenyl]metJiylene}-3-ethyl-2-thioxo-l,3-t^^ 
25 (2-furylmethylene)~2-thioxo-l,3-thiazolidm-4~oiie, 

3~methyl-5-(l 3-thiazol-2-ylmethylene)-2-thioxo-l ,3"thiazoli^ 
5-[(5-methyl(2-furyl))methylene]-3-ethyl"2-thioxo-13-tbiazolidm^ and 
N-(5-{[5-(aminomethyl)(2-thienyl)]methylene}-4-oxo-2-thioxo(l,3-^^ 
yl))cyclohexylcarboxaiiiide. 
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In addition, the following commercially-available compounds are proven to have 
a new use as compounds for preventing or treating inflammatory diseases by inhibiting 
tumor necrosis factor activity: 

3-phenyl-5-[(5-phenyl(2-furyl))methylene]-2-thioxo-l,3-thiazolidin-4-one, 

3-[2-(3,4-dimethoxyphenyl)ethyl]-5-[(2,3-dimethoxyphenyl)methylene]-2-thioxo- 
1 ,3-thiazolidin-4-one, 

5-[(2E)-3-(4-methoxyphenyl)prop-2-enylidene]-3-ethyl-2-thioxo-l,3-thiazolidin-4-one, 

5-((2E)-3-phenylprop-2-enylidene)-3-ethyl-2-thioxo-l,3-thiazolidin-4-one, 

l-(2-furylmethyl)-2~methylthio~4-[(5-nitro(2-thienyl))methylene]-2-iinidazolin-^ 

5-[(2,3-dimethoxyphenyl)methylene]-3-ethyl-2-thioxo-l,3--thiazolidin-4-one, 

5-[(4-methylphenyl)amino]-3-phenyl-2-thioxo-l,3-thiazolidin-4-one, 

5-(indan-5-ylmethylene)-3-prop-2-enyl-2-thioxo-l,3-thiazolidin-4-one, 

3-ethyl-5-[(2-hydroxy-3-methoxyphenyl)methylene]-2-tliioxo-l,3-thiazolidm-4-one, 

5-[(2-cyclohexylthiophenyl)methylene]-3-benzyl-2-thioxo-l,3-thiazolidin-4-one, 

5-{[2-(2-furylmethylthio)-5-nitrophenyl]methylene}-3-benzyl-2-thioxo- 

1 ,3-thiazolidin-4-one, 

1- [2-(3-chlorophenoxy)ethyl]-2-methylthio-4-[(4-nitrophenyl)methylene]- 

2- imidazolin-5-one, 

l-(2-furylmethyl)-4-[(2-hydroxyphenyl)methylene]-2-methylthio-2-iniidazolin-5-one, 
5-[(5-methyl(2-furyl))methylene]-3-phenyl-l ,3-thiazolidine-2,4-dione, and 

3- ethy l-5-(2-furylmethylene)-2-thioxo- 1 ,3-thiazolidin-4-one, 
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All patents and patent applications cited in this specification are hereby 
incorporated by reference as if they had been specifically and individually indicated to 
be incorporated by reference. 

Although the foregoing invention has been described in some detail by way of 
illustration and example for purposes of clarity and understanding, it will be apparent to 
those of ordinary skill in the art in light of the disclosure that certain changes and 
modifications may be made thereto without departing from the spirit or scope of the 
appended claims. 
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1 . A compound for treating inflammatory diseases by inhibiting tumor 
necrosis factor activity comprising a compound of the formula; 



5 



R2 




R4 




12 



10 wherein 

W1W2W3W4W5 is an alicyclic, heterocyclic, or heteroaromatic ring, with the 
provisos that 

the ring is not fused with any other ring, and 

the ring is not a pyrrazole, dihydropyrrazole, or tetrahydropyrrazole 
15 derivative; 

The ring containing W7, W8 and W9 is alicyclic, heterocyclic, aromatic or 
heteroaromatic; 

The W10-W14 ring is alicyclic, heterocyclic, or heteroaromatic; 
The bonds between any two adjacent W atoms can be either single, double or 
20 aromatic (valence permitting); 

W6 is not part of a ring; 

The W9-W10 bond is not part of a ring; 

W2, W7, W9, and W 10 are each independently either N, C, or C with one 
substituent group (valence permitting); 
25 Wl, W4, W5, and Wll are each independently either SOx (where x is 1 or 2), 

N, C, or C with one substituent group (valence permitting); and 

W3, W6, W8, W12, W13, and W14 are each mdependently either O, S, SO, 
SO2, N, C, C with one substituent group (either single or double bonded), N with one 
substituent group (single bonded), or PO(OR). 
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2. A compound for treating inflanimatory diseases by inhibiting tumor 
necrosis factor activity comprising a compound of t±ie formula: 



H 



[O.S] w/^ 

W3 

wherein 

W1W2W3W4W5 is an aliphatic, heterocyclic, or heteroaromatic ring, with the 
provisos that: 

10 If Wl is CW6R2 or NW7R3. where W6 is CR4R5, CR6, O, S, NR7, 

SO, SO2, CO, C=N0R8, or C = NNR9R10, and W7 is CR4R5, CR6, O, NR7, 
SO, SO2, CO, C=NOR8, or C = NNR9R10, then Wl is not at a ring 
bridgehead, and 

If R2 and R3 are independently any alicyclic, heterocyclic, aromatic, or 
15 heteroaromatic ring structure, then 

W2 is O, S, NRll, CR12R13, CR14, SO, or SO^, (valence 
permitting), 

W3 is O, S, NR15, CR16R17, CR18, SO, or SO^, (valence 
permitting), 

20 W4 is O, S, NR19, CR20R21, CR22, SO, or SO^, (valence 

permitting), and 

W5 is N, G, or CR36 (valence permitting) 
If W2 is CR23 or NR24 where R23 or R24 is a five membered ring 
(alicyclic, heterocyclic, or heteroaromatic), then 
25 Wl is O, S, NR25, CR26R27, CR28, SO, or SO^, (valence 

permitting), 

W3 is O, S, NR29, CR30R31, CR32, SO, or SOj, (valence 
permitting), 

W4 is O, S, NR33, CR34R35, CR36, SO, or SO^, (valence 
30 permitting). 
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W5 is N, C, or CR37 (valence permitting). 
If the ring W1W2W3W4W5 is neither 3-oxotetrahycirothiophene nor 
furan, or if the ring W1W2W3W4W5 is furan and Rl is not any of the groups 
in Exhibit A, then 

W2 can be CR23 or NR24 where R23 or R24 is a six membered 
ring (alicyclic, heterocyclic, aromatic or heteroaromatic); 

in addition, 

Wl is O, S, NR25, CR26R27, CR28. SO, or SO^, (valence 
permitting), 

W3 is O, S, NR29, CR30R31, CR32, SO, or SO^, (valence 
permitting), 

W4 is O, S, NR33, CR34R35, CR36, SO, or SO^, (valence 
permitting), 

W5 is N, C, or CR37 (valence permitting), 
Rl is independently H, heterocyclic, aromatic, heteroaromatic, small alkyl or 
cycloalkyl, optionally substimted with OH, O-alkyl, S-alkyl, hydroxy alkoxy, CONHj, 
CONH-alkyI, OCF3, CON-dialkyl, halo, CF3, sulfonamide, phosphonamide, 
phosphonate ester, SO-alkyl, SOz-alkyl, O-aryl, S-aryl, SO-aryl, SOj-aryl, COO-alkyl, 
CONH-aryl, acyloxy, acylamino, alkylsulfonylamino, or arylsulfonylamino; 

R3, R7 through Rll, R15, R19, R24, R25, R29, R33 are each independently, 
H, heterocyclic, aromatic, heteroaromatic, small alkyl or cycloalkyl, optionally 
substimted with OH, O-alkyl, S-alkyl, CONH^, CONH-alkyl, CON-dialkyl, F, CF3, 
OCF3, sulfonamide, phosphonamide, or phosphonate ester; and 

R2, R4 through R6, R12 thorugh R14, R16 through R18, R20 through R23, 
R26 through R28, R30 through R32, and R34 through R37 are each mdependently H, 
halogen, OH, NH^, or O-alkyI, OCF3, O-cycloalkyl, heterocyclic, aromatic, 
heteroaromatic, small alkyl or cycloalkyl, optionally substimted with OH, O-alkyl, 
S-alkyl, SO-alkyl, SO,-alkyl, CONH^, CONH-alkyl, CON-dialkyl, F, CF3, 
sulfonamide, phosphonamide, or phosphonate ester. 



wo 00/32598 PCT/US99/28856 

-90- 

3. A compound according to claim 2 which is a compound selected from 
the group consisting of: 

5-(5-methylfuran-2-ylmethyiene)-2-thioxo-3-methyI-thiazolidin-4-one, 
5-(5-methyIfuran-2-yhnethylene)-2-thioxo-3-aIIyI-thiazolidin-4-one, 
5 5-(thiazol-2-ylmethylene)-2-thioxo-3-allyl-thiazolidin-4-one, 

5-((3-phenoxy)thiophen-2-ylmethylene)-2-thioxo-3-ethyl-thia2olidin-4-one, 
5-(5-(2-nitrophenyI)furan-2-yImethylene)-2-thioxo-3-ethyl-thiazolidin-4-one, 
• 5-(2,3,4-trimethoxy-benzylidene)-2-thioxo-3-ethyl-thiazolidin-4-one, 

5- (5-(2-nitrophenyl)-2-ftiran2-ylmethyIene)-2-thioxo-3-allyRhia2olidin-4-one 
10 5-(5-(2-nitrophenyl)-2-furan2-ylmethylene)-thiazoIidin-2,4-dione, 

6- (5-(5-(2-nitrophenyl)-2-furanylidene)-4-oxo-2-thioxo-thiazolidin-3-yI)-hexanoic acid 
isopropyl ester, 

5-(5-(2-chlorophenyl)furan-2-ylmethylene))-2-thioxo-3-ethyl-thiazolidiii-4-one, 
5-(5-(2-trif[uoromethyl)furan-2-yhnethylene))-2-thioxo-3-ethyl-thiazolidin-4-one, 
15 5-(5~(2-methoxycarbonylthiophen-3-yl)furan-2"yknethylene))-2-thioxO"3-ethyl- 
thiazolidin-4-one , 

5-(2-(furan-2-yl)eth-l-enylmethylene))-2-thioxo-3-ethyl-thiazolidin-4-one, 
5-(3-(4-methoxyphenoxy)-benzylidene)-2-thioxo-3-ethyl-thiazolidin-4-one, 
3-(2-ftiryhnethyI)-5-{[5-(2-nitrophenyl)(2-furyl)]methylene}-2-thioxo- 
20 1 , 3-thiazolidin-4-one , 

5-(2-methyl-3-phenylprop-2-enylidene)-3-ethyl-2-thioxo-l,3-thiazolidin-4-one, 
3-ethyl-5-{[3~(phenybnethoxy)phenyI]methyIene}-2-thioxo-l,3-thiazolidin-4-one, 
3-ethyl-5-{[5-(3"nitrophenyl)(2-furyl)]methylene}-2-thioxo-l,3-tluazolidin-4-one, 
5-{[3,5-bis(tert-butyl)-4-hydroxyphenyl]methylene}-3-methyl-2-thioxo- 
25 1 ,3-thia2:olidin-4-one, 

5-({3-[4-(tert-butyl)phenoxy]phenyl}methylene)-3-methyl-2-thioxo- 
1 ,3-thiazolidin-4-one, 

3-ethyl-5-(l ,3«thia2ol-2-ylmethylene)-2-thioxo-l ,3-thia2olidin-4-one, 
5-(2-methyI-3-phenyIprop-2-enylidene)-3-methyl-2-tMoxo-13-thiazolidin-4-one 
30 3-ethyl-5-{[3-(2-hydroxyethoxy)phenyl]methylene}-2-thioxo-l,3-thiazolidin-4-one, 
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3-methyl-5-{[3-(4-methylphenoxy)phenyl]methylene}-2-thioxo-l,3-tt^ 

3-methyl-5-{[5-(3-nitrophenyl)(2-furyl)]methylene}-2-thioxo-13-thia2o 

5-(5-{2-nitxophenyIfuran-2-ylmethylene})-2-thioxo-3-methyl-thia2olidm 

3-ethyl-5-{[3-(4-methylphenoxy)phenyl]methyIene}-2-thioxo-l,3-t^^ 

5-{[3-(4-methoxyphenoxy)phenyI]methylene}-3-methyl-2-thioxo-l,3-th^ 

5-({3-[4-methylphenoxy]phenyl}methylene)-3'-prop-2-enyl--2-thioxo- 

1 ,3-thiazoIidin-4-one, 

5-{[3,5-bis(tert-butyl)-4-hydroxyphenyl]methylene}-3-ethyl-2-tliioxo- 
1 ,3-thiazolidin-4-one, 

5-({3-[4-methoxyphenoxy]phenyl}methylene)-3-prop-2-enyl-2-thioxo- 
1 ,3-thia2oIidin-4-one, 

5-({3-[4-(tert-butyl)phenoxy]phenyl}methylene)-3-ethyl-2-thioxo-l,3-t^ 
3-ethyl-5-{[5-(2-trifluoromethoxyphenyl)(2-furyl)]methylene}-2-thioxo^ 
1 ,3-'thiazolidin-4-one, 

5-({3-[4-(tert-butyl)phenoxy]phenyl}methylene)-3-prop-2-enyl-2-thioxo- 
1 ,3-thia2olidm-4-one, 

5-({2,5-dimethyl-l-[3-(trifluoromethyl)phenyl]pyrrol-3-yl}methylene)-3-e&^ 
,3-thiazolidin-4-one, 

3-(3-hydroxyphenyl)-5-{[5-(2-nitrophenyl)(2-faryl)]methyIene}-2-thioxo- 
1 ,3-thiazolidin-4-one, 

3-(4-ethoxyphenyl)-5-{[5-(2-mlTophenyl)(2-fui7l)]methylene}-2-th^^ 
1 ,3-thiazolidin-4-one, 

5-{[3,5-bis(phenyImethoxy)phenyl]methylene}-3-ethyl-2-thioxo-l,3-thi^^ 
(2-furylmethylene)-2-thioxo-l,3-thiazolidin-4-one, 

3-mel±iyl-5-(13-thiazol~2-ylmethylene)-2-thioxo-l,3-t±iiazoU^ and 
5-[(5-methyl(2-furyl))methylene]-3-ethyl-2-thioxo-13-thiazolidin-^^ 
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4. A method for preventing or treating inflammatory diseases by inhibiting 
tumor necrosis factor activity comprising 

administering a compound of the formula: 



W3VV2 



w: 



.R1 



10 wherein 

W1W2W3W4W5 is an alicyclic, heterocyclic or heteroaromatic ring, wherein 
Wl is O, S, NR2, CHR9, CRIO, or P=0(OR43) (valence permitting); 
W2 is C or N (valence permitting); 

W3 is C=0, C=S, C-X, CRll, NR12, SO, SO^, P = 0(OR44) (valence 
15 permitting); 

W4 is CR4, NR13, C = S, CO, SO, S, SO^, P = 0(OR45) (valence permitting); 
W5 is C=0, C=S, C-X, CR3, NR5, SO, SO2, P=0(OR46) (valence 
permitting); 

W6 is CR47, O, S, SO, SO2, NR6, CR7R8, P=0(OR48) (valence permitting), 
20 or a group of the formula: 

\ • w-w,, 

25 

where all double bond stereochemistry can independently be either Z or E, and where 
the bonds from W2 to W6 and from W6 to Rl can be, independently, either single or 
double (valence permitting), 

W7 is CR14R15, CO, C = NOR25 or C = NNR26R27; 
30 W8 is CR16; 
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W9 is CR17; 
WIO is N or CR18; 

Wll is CH, N, CCH3. CF, CCH2CH3, or CCl; 
W12 is O, S, NR19 or CR20R21; 
5 W13 is CR22R23, O, S, NR24, SO^, SO, CO, C = NOR28, or C=NNR29R30; 

W14 is CR31R32, O, S, NR33, SO,, SO, CO, C = NOR34, or C = NNR35R36; 
W15 is CR37R38, O, S, NR39, SO,, SO, CO, C = NOR40, C = NNR41R42; 

Where 

Rl is any 5- or 6- membered alicyclic, heterocyclic, aromatic, or heteroaromatic 

10 ring, unsubstituted or substituted with alkyl, cycloalkyl, branched alkyl, halogen, 

trifluoroalkyl, alkoxy, aryloxy or benzoyloxy (unsubstituted or substituted with nitro, 
alkyl, branched alkyl or alkoxy), amide, ester, trifluoromethyl, nitro, NR7R8 (where 
R7 is hydrogen, alkyl, substimted alkyl, aryl, heteroaryl, alkyl, cycloalkyl, heterocyiic, 
alicyclic and R8 is acyl, alkoxyacyl, carbamoyl, N-alkylcarbamoyl, alkoxycarbonyl, 

15 hydrogen, alkyl, substituted alkyl, aryl, heteroaryl, alkyl, cycloalkyl, heterocyiic, 

alicyclic), unsubstimted or substituted with a 5- or 6-membered ring attached directly or 
through O, NH, CH2, S, NCHO, NCH3, CO, CHOH, CHCH3, or C=CH2; 

R2, R5, R6, R12, R13, R19, R24 through R30. R33 through R36, R39 through 
R46, R48 are each independently, H, heterocyclic, aromatic, heteroaromatic, allyl, 

20 alkenyl alkyl. alkenyl, small alkyl or cycloalkyl, optionally substimted with OH, 
O-alkyl, S-alkyl, CONH^, CONH-alkyl, CON-dialkyl, NHCO-alkyl, NHCO-aryl, 
NHCO-heteroaryl, F, CF3, sulfonamide, phosphonamide, or phosphonate ester; and 

R3, R4, R7 through Rll, R14 through R18, R20 through R23, R31, R32, R37, 
R38, R47 are each independently H, halogen, OH, NH,, or O-alkyl, O-cycloalkyl, 

25 heterocyclic, aromatic, heteroaromatic, small alkyl or cycloalkyl, unsubstimted or 
substimted with OH, O-alkyl, S-alkyI, SO-alkyl, S02-alkyl, CONH^, CONH-alkyl, 
CON-dialkyI, F, CF3, OCF3, sulfonamide, phosphonamide, or phosphonate ester; 
together with a pharmaceutically acceptable carrier to a patient in need of such 
treatment. 



wo 00/32598 PCT/US9 9/2 8856 

-94- 

5. A method for preventing or treating inflammatory diseases by inhibiting 
tumor necrosis factor activity comprising 

administering a compound of the formula: 

O 



10 



Where 



Wf 



w/"^' ^ or or ^ ^/=N 



'1 



S O R3S 



where R3 is H or short alkyl or cycloalkyl; 
wherein 

Rl is H, straight or branched alkyl (Cl-ClO) unsubstituted or substituted by: 
15 COOR4 (where R4 is H, short alkyl, cycloalkyl, or branched alkyl), an aromatic 

or heteroaromatic ring, or by aryloxy; or alkenyl, or aromatic or heteroaromatic ring, 
unsubstituted or substituted by alkyl, hydroxy or alkoxy; 

H H 

(wherein the bond from 5 membered ring to R2 is double for CHR5 and single for 
NHR6); 

R5 is CR7 = CHR8 with R7=H or small alkyl and R8 = aryl or heteroaryl, 
25 unsubstituted or substituted by alkoxy; or aromatic or heteroaromatic or substituted by 
short alkyl; 

or nitro; or alkoxy (including multiple alkoxy); or aryloxy or substituted by alkoxy or 
alkyl; or aromatic or heteroaromatic, unsubstituted or substituted by halo, 
trifluoromethyl, trifluoromethoxy, alkoxy, alkyl, COORIO (where RIO is H, short 
30 alkyl, cycloalkyl, or branched alkyl) or fused to a 5 membered carboxyclic or 
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heterocyclic ring; 

R6 is aromatic or heteroaromatic, unsubstituted or substituted by short alkyl; 
nitro; alkoxy (including multiple alkoxy); aryloxy unsubstituted or substimted by 
alkoxy or alkyl; aromatic or heteroaromatic, unsubstituted or substituted by halo, 
5 trifluoromethyl, trifluoromethoxy, alkoxy, alkyl, COORll (where Rll is H, short 
alkyl, cycloalkyl, or branched alkyl) or fused to a 5 membered carboxyclic or 
heterocyclic ring; 

together with a pharmaceutically acceptable carrier to a patient in need of such 
treatment. 
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6. A method according to claim 5 which employs a compound selected from 
the group consisting of: 

5-(5-methylfuran-2-ylmethylene)-2-thioxo-3-methyI-thiazolidin-4-one, 
5-(5-methylfuran-2-ylmethylene)-2-thioxo-3-allyl-thiazoIidin-4-one, 
5 5-(thiazol-2-ylmethylene)-2-thioxo-3-aIlyI-thia2olidin-4-one, 

5"((3-phenoxy)thiophen-2-yImethylene)-2-thioxo-3-ethyI-thia2olidin-4-one, 

5--(5-(2-nitrophenyl)furan-2-ylmethylene)-2--thioxo-3-ethyl-thiazolidin-4-one, 

5-(2,3,4~trimethoxy-benzylidene)-2-thioxo-3-ethyl-thiazolidin-4-one, 

5- (5-(2-nitrophenyl)-2-furan2-ylmethylene)-2-thioxo-3-allyl-thia2olidin-4-one, 
10 5-(5-(2-nitrophenyl)-2-furan2-ylmethylene)-thia2oIidm-2,4-dione, 

6- (5-(5-(2-nitrophenyI)-2-furanylidene)-4-oxo-2-thioxo-thia2olidin-3-yI)-hexanoic acid 
isopropyl ester, 

5-(5-(2-chlorophenyl)furan-2-ylmethylene))-2-thioxo-3-ethyl-thiazolidin-4-one, 
5-(5-(2-trifluoromethyl)furan-2-ylmethylene))-2-thioxo-3-ethyl-thiazoIidin-4-one, 
15 5-(5-(2-methoxycarbonylthiophen-3-yl)furan-2-yhnethylene))-2-tliioxo-3-ethyl- 
thia2olidiii-4-one , 

5-(2-(furan-2-yl)eth-l-enylmethylene))-2-thioxo-3-ethyl-thiazolidin-4-one, 
5-(3-(4-methoxyphenoxy)-benzylidene)-2-thioxo-3-ethyl-thiazolidm-4-one, 
3-(2-furylmethyl)-5-{[5-(2-nitrophenyI)(2-furyl)]methylene}-2-thioxo- 
20 1 ,3-thia2olidin-4-one, 

5-(2-methyl-3-phenylprop-2-enylidene)-3-ethyI-2-thioxo-l,3-thiazoIidin-4-one, 
3-ethyl-5-{[3-(phenylmethoxy)phenyl]methylene}-2-thioxo-l,3-thiazolidin-4-one, 
3-ethyl-5-{[5-(3-mtrophenyl)(2-furyI)]methylene}-2--thioxo-l,3-thiazoIidm-4-one, 
5'{[3,5-bis(tert-butyI)-4-hydroxyphenyI]methylene}-3-methyl-2-thioxo- 
1 ,3-'thiazolidin-4-one, 

5-({3-[4-(tert-butyI)phenoxy]phenyl}methylene)-3-methyl-2-thioxo- 
1 ,3-thia2oIidin-4-one, 

3-ethyl-5-(l,3-thia2ol-2-ylmethylene)-2-thioxo-l,3-thiazolidin-4-one, 
5-(2-methyl-3-phenylprop-2-enylidene)-3-methyl-2-thioxo-l,3-thiazoiidin-4-.one, 
3-ethyl-5-{[3-(2-hydroxyethoxy)phenyl]methylene}-2-thioxo-l,3-thia2olidin-4-one, 
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3-methyI-5-{[3-(4-methylphenoxy)phenyi]met±iylene}-2-thioxo-13-thi^^ 
3-methyI-5-{[5-(3-nitrophenyl)(2-fui7l)]methylene}-2-thioxo-l,3-tliiazolid 
5-(5-{2-mtrophenylfliran-2-ylmethylene})-2-tliioxo-3-methyl-thi^^ 
3-ethyI-5-{[3-(4-methylphenoxy)phenyI]methylene}-2-thioxo-l,3-thiazolidm 
5 5-{[3-(4-methoxyphenoxy)phenyl]methylene}-3-methyl-2-thioxo-l,3-thia2^^^ 
5-({3-[4-methylphenoxy]phenyl}methylene)-3-prop-2-enyl-2-thioxo- 
1 ,3-thiazolidin-4-one, 

5-{[3,5-bis(tert-butyI)-4-hydroxyphenyl]methylene}-3-ethyl-2-thioxo- 
1 ,3-thiazolidin-4-one, 

5-({3-[4-metlioxyphenoxy]phenyl}methylene)-3-prop-2-enyl-2-thioxo- 
1 ,3-thia2olidin-4-one, 

5-({3-[4-(tert-butyl)phenoxy]phenyl}methylene)-3-ethyl-2-lliioxo-l,3-l±d 
3-ethyl-5-{[5-(2-trifluoromethoxyphenyI)(2-fui7l)]methylene}-2-tMo 
1 ,3-thiazolidin-4-one, 

5-({3-[4-(tert-butyl)phenoxy]phenyl}methylene)-3-prop-2-enyl-2-thioxo- 
1 ,3-thiazolidin-4-one, 

5-({2,5-dimethyI-l-[3-(trifluoromethyl)phenyl]pyrrol-3-yl}methylene 
1 ,3-thiazolidm-4-one, 

3-(3-hydroxyphenyl)-5-{[5-(2-mtrophenyl)(2-ftiryl)]methylene}-2-thioxo- 
1 ,3-thia2olidin-4-one, 

3-(4-ethoxyphenyl)-5-{[5-(2-nitrophenyl)(2-furyl)]methylene}-2-&^^ 
1 ,3-thiazolidin-4-one, 

5-{[3,5-bis(phenylmethoxy)phenyl]methylene}-3-ethyl-2-thioxo-l,3-thiaz^^^^ 
(2-furylmethy lene)-2-thioxo- 1 ,3-thiazolidin-4-one, 
3-methyl-5-(l,3-thiazol-2-ylmethylene)-2-tiiioxo-l,3-thiazolidin-^^ 
5-[(5-methyl(2-furyl))methylene]-3-etiyl-2-thioxO"13-thiazolidm 
3-phenyl-5-[(5-phenyl(2-furyl))methylene]-2-thioxo-13-thiazolidm-4^^ 
3-[2-(3,4-dimethoxyphenyl)ethyI]-5-[(2,3-dimethoxyphenyl)methylene]-2-&^ 
1 ,3-thiazolidin-4-one, 

5-[(2E)-3-(4-methoxyphenyl)prop-2-enylidene]-3-ethyl-2-thioxo-l,3-thia2oii^^^ 
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5-((2E)-3-phenylprop-2-enylidene)-3-ethyl-2-thioxo-l,3-thiazoIidin-4-one, 

1- (2-ftirylmethyI)-2-methylthio-4-[(5-nitro(2-thienyl))methyle^ 
5-[(2,3-dimethoxyphenyI)methylene]-3-ethyl-2-thioxo-l,3-thia2olM 
5-[(4-methylpheny l)amino]-3-pheny l--2-thioxo- 1 ,3-thiazolidin-4-one, 

5 5-(mdan-5-ylmethylene)-3-prop-2-enyl-2-thioxo-l,3-thiazoIidin-4-one, 

3-ethyl-5-[(2-hydroxy-3-methoxyphenyl)methylene]-2-thioxo-13-thiazolidin-4^^ 
5-[(2-cyclohexylthiophenyl)methylene]-3-benzyl-2-thioxo-l,3-thiazolid^^ 
5-{[2-(2-ftiryImetiaylthio)-5-mtrophenyl]meliiylene}-3-benzyl-2-&^ 
1 ,3-thiazolidm-4-one, 

10 l-[2-(3-chlorophenoxy)ethyl]-2-methylthio-4-[(4-nitrophenyl)methyle 

2- imidazolin-5-one, 

l-(2-fiiiylmethyl)-4-[(2-hydroxyphenyl)methylene]-2-methylthi 
5-[(5-methyl(2-ftiryl))methylene]-3-phenyl-13-thiazolidme-2,4-dion^ and 

3- ethyl-5-(2-fiirylmethylene)-2-thioxo-l,3-thiazolidin-4-one. 
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